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In the aquaculture of fish and shrimps, diets generally contain high levels of fish meal. 
Fish meal is a nutrient rich feed that contains essential amino acids and fatty acids, 
which are required to maintain optimum growth and health of an animal. It is traditionally 
used in aquaculture to promote feed efficiency, nutrient uptake and feed intake due to 
its high palatability and digestibility. Overexploitation of fisheries resources and the high 
growth rate of aquaculture industry, however, continues to put pressure on the supply of 
fish meal, thus increasing the demand and price of this sought-after product. The use of 
alternative ingredients to fish meal, therefore, remains a high priority for aquaculture 
nutrition. Hence, the aim of this was to investigate the physiological and developmental 
effects on juvenile spotted grunter, Pomadasys commersonnii, after supplementing fish 
meal with different feed additives for 12 weeks. One of the additives was then selected 
for further feeding at graded levels (increasing levels) for 8 weeks to ascertain whether 
fish meal could be replaced by higher amounts of the feed additive without negative 
consequences to the cultured spotted grunter.  
P. commersonnii is a marine fish that inhabits the warm waters of the Indian Ocean 
along the east coast of South Africa. The species is suitable for human consumption 
and has been identified as a potential finfish for marine aquaculture. Growth rate, feed 
efficiency and health parameters were investigated after feeding 6 experimental diets to 
spotted grunter for 12 weeks; the data was compared to those fish that were fed on a 
non-supplemented control diet of fish meal. The experimental diets were based on fish 
meal, but supplemented with one of the following additives: algae (Spirulina platensis 
and Ulva lactuca), yeasts (Candida utilis and Saccharomyces cerevisiae), and 
commercial herbal additives (LIV-UP® and UNP PB-20®).  
Growth performance indicators were measured using the body weight, length and 
specific growth rate (SGR), feed conversion ratio (FCR) and protein efficiency ratio 
(PER) that is, the ratio of weight gain to the amount of protein consumed over time. The 
assimilation of nutrients from the feed was assessed by a proximate composition 
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analysis in fish body, evaluating hepatosomatic index (HSI) and visceral fat index (VFI), 
as well as measuring glycogen content in the liver. The health status of the fish was 
evaluated from histological analyses of the distal intestines, blood glucose concentration 
and by determining the condition factor (K). The condition factor is the relationship 
between length and fish body weight and was used to evaluate the health condition of 
fish under changing environmental factors. 
After the feeding period of 12 weeks, supplemented diets significantly increased the 
body weight, length, condition factor and FCR of spotted grunter when compared to the 
control diet. The growth performance of fish fed on C. utilis surpassed all the other 
treatments. However, fish fed on Spirulina supplemented diet had the best FCR when 
compared to the control. Moreover, there was a significant increase in specific growth 
rate (SGR), despite individual variation, in fish fed with C. utilis (2.14 ± 0.21 %/day). In 
contrast, the calculated SGR for the control group was 0.95 ± 0.09%/day. Similarly, the 
condition factor increased from 2.62 ± 0.27 for fish fed the control diet to 3.28 ± 0.34 for 
fish fed the C. utilis containing diet at the end of the feeding trial. Furthermore, the 
hepatosomatic index (HSI) was significantly affected after 12 weeks of feeding different 
diets. The HSI decreased from 1.42 ± 0.19 to 1.07 ± 0.10% for fish fed on U. lactuca 
and UNP PB-20® containing diets, respectively. No significant difference was observed 
in visceral fat index (VFI) after the feeding period of 12 weeks.  
The addition of different feed additives in fish diets increased the deposition of visceral 
fat compared to the control. Similarly, blood glucose and liver glycogen content was 
affected by the addition of different ingredients in fish diets. Fish fed C. utilis included 
diets mediated the highest blood glucose content (5.59 ± 0.55 mmol/L) when compared 
with the control group value after 12 weeks of feeding. A significant difference was 
observed in liver glycogen levels of fish fed the respective diets. The glycogen content 
of the fish liver significantly decreased from 126.41 ± 6.87 to 65.94 ± 2.94 mg/g for fish 
fed on C. utilis and UNP PB-20® supplemented diet. The addition of C. utilis, U. lactuca 
and UNP PB-20® in spotted grunter diets increased the frequency of goblet cells in the 
distal intestine after 12 weeks of feeding. The S. platensis and S. cerevisiae fed fish 
mediated the longest mucosal folds, while S. platensis and C. utilis fed groups 
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distinguished themselves with complex mucosal folds. These results suggest that the 
growth performance and feed utilization of spotted grunter can be enhanced by the 
addition of feed additives. The slow growth rate of fish fed on diets containing U. lactuca 
and LIV-UP® corresponds with an observed increase in HSI, VFI and well-established 
signs of intestinal enteritis. The observed increase suggests that spotted grunter was 
unable to fully utilise the supplemented feed additives, which might explain the reduced 
growth rate. 
The replacement of fish meal with increasing levels of the best performing diet (torula 
yeast) was evaluated in a second investigation to determine the effects of yeast on 
growth, feed utilization and health of spotted grunter. Experimental diets with increasing 
percentages of C. utilis (i.e. 0, 4, 8, 12, 16 and 20%) were fed to spotted grunter for 56 
days. No significant differences (p > 0.05), were observed in all treatments for body 
weight gain, fish length, SGR and condition factor. There was trend of increase in the 
VFI of fish fed increasing levels of yeast, ranging from 3.44 ± 1.28 to 5.27 ± 0.92%, 
although the values were statistically non-significant. The HSI and blood glucose of fish 
were not affected by increasing percentage of yeast after 56 days of feeding. However, 
the glycogen storage in the fish liver was significantly affected by increasing levels of 
yeast after 56 days of feeding. The glycogen storage tended to decrease as the amount 
of C. utilis in the diet was increased, decreasing from 74.19 ± 5.37 to 54.54 ± 1.01 mg/g 
for fish fed on 8 and 20% yeast containing diet, respectively. The addition of 20% yeast 
in fish diets resulted in reduced height of intestinal folds, thickening of the submucosa 
and lamina propria, increased frequency of goblet cells and diminishing absorptive 
vacuoles while insignificant signs of enteritis were observed in other diets after 56 days 
of feeding graded levels of yeast. The results suggest that an optimum dietary 
concentration of 16% C. utilis in spotted grunter diets facilitates better growth rate and 
feed efficiency without any negative health effects.   
In conclusion, the results of this study showed that C. utilis can be added in formulated 
diets for spotted grunter to enhance rapid growth rate and an optimum concentration of 
16% C. utilis can be added in fish diets to improve growth and feed efficiency with no 
adverse health effects in fish. 
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GENERAL INTRODUCTION 
 
As aquaculture, the farming of aquatic plants and animals, continues to grow so does 
the requirement to include bioactive dietary additives in commercial diets in order to 
promote fast growth rates, which will result in lowered production costs (Naylor et al., 
2000; Tidwell & Allan, 2001). Aquaculture is currently the fastest growing food sector 
globally, with an annual growth rate of 8-10% (Tacon et al., 2011), increasing from 5.2 
million tons in 1981 to 62.7 million tons in 2011 (AES, 2013). Asia dominated production 
in 2011 with 88.9% globally, with China accounting for 35% in 2011 (AES, 2013). 
Furthermore, it has been projected that in 2020, China will account for more than 37% 
of the global fish production. 
In South Africa, marine aquaculture is still at an infancy stage of development, with 
production limited to molluscs (i.e. abalone; (Britz, 1995). A number of indigenous fish 
species have been identified as suitable candidates for marine aquaculture which 
includes dusky kob, Argyrosomus japonicas and yellowtail, Seriola lalandi (Deacon & 
Hecht, 1995). Deacon (1997) also identified the spotted grunter, Pomadasys 
commersonnii as a further candidate for marine aquaculture due to its biological 
suitability for culturing under captivity and high market demand.  
Pomadasys is a genus of grunters and it represents one of 25 marine fish species within 
the family Haemulidae (Smith & Mckay, 1986). After the grunters are captured from 
water, they grind their pharyngeal teeth producing the characteristic grunt sound, hence 
their common name. Only a few species of Pomadasys have been studied in 
aquaculture, namely spotted grunter, P. commersonnii and javelin grunter, P. kaakan 
(Bacela, 1998; Hussain & Zakia, 2000; Hecht et al., 2003; Childs, 2005; Rastgoo et al., 
2014). 
Spotted grunter (Figure 1) is not only valued as a good recreational fish (i.e. sport 
fishing species) but also for human consumption due to its taste and texture. The 
species inhabits warm waters of the Western Indian Ocean (Smith & Heemstra, 2003) 
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extending along the southeast coast of Africa to Seychelles, Madagascar and South 
Africa. In South Africa, this species is commonly found along the east coast in KwaZulu-
Natal with occasional occurrences recorded towards the Southern Cape coast during 
summer (Day et al., 1981). Spotted grunter occurs in inshore coastal regions, estuaries 
and in tidal fissures (Smith & Heemstra, 2003).  
 
Figure 1: The spotted grunter, Pomadasys commersonnii (Photography from Branch 
et al., 2010). 
 
P. commersonnii is euryhaline (Whitfield, 1980) and has been found to inhabit 
ecosystems with salinities ranging from 0 to 90‰ (Whitfield et al., 1981) and can survive 
in low salinities for an extended period (Deacon & Hecht, 1999). From laboratory 
experiments, it was concluded that the thermal preference for spotted grunter juveniles, 
under culture conditions, range between 24 and 25ºC (Deacon & Hecht, 1995). Childs 
et al. (2008) reported that temperatures below 16ºC in spring may induce behavioural 
changes and temperatures below 13ºC in Kosi and St Lucia systems resulted in mass 
mortalities to the species (Blaber & Whitfield, 1976). The spotted grunter is a benthic 
carnivorous fish species that is unaffected by turbidity (Hecht & Van de Lingen, 1992; 
Whitfield, 1998). In fact, Childs (2005) reported that the species can tolerate large 
variations in turbidity ranging from 4.1 and 567 FTU. 
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Spotted grunters have a life-span of 15 years with a maximum weight of approximately 
10 kg (Day et al., 1981). They reach sexual maturity in their third year of life, with a total 
length (TL) of approximately 280 mm for males and 350 mm for females (Day et al., 
1981). In South Africa, spawning occurs at sea during August and December (Whitfield, 
1998; Heemstra & Heemstra, 2004). Newly hatched larvae develop at sea and early 
juveniles of 20 to 30 mm TL migrate to nutrient-rich estuarine waters during spring and 
summer for nursery conditions for at least 3 years (Whitfield, 1998). Adults spend most 
of their lives at sea but post-spawning adults return to estuaries for feeding during 
spring and summer (Day et al., 1981). 
Spotted grunters are pelagic-benthic feeders (Whitfield, 1998) depending on their life 
stage and area in which they are found. Juveniles between 20 and 40 mm feed on 
zooplankton, particularly copepods, while larger fish between 50 and 100 mm become 
benthic feeders, feeding on crustaceans, polychaete worms and small bivalves 
(Heemstra & Heemstra, 2004). Larger fish occurring in estuaries feed mainly on mud 
and sand prawns, Upogebia africana and Callianassa kraussi, respectively (Heemstra & 
Heemstra, 2004).  
Spotted grunter are still under evaluation in aquaculture even though their biology and 
ecology have been well documented (Bacela, 1998; Whitfield, 1998; Childs, 2005). As 
mentioned, the optimum rearing temperature for P. commersonnii is between 24 and 
25ºC (Deacon & Hecht, 1999) and with a photoperiod setting 12L: 12D (Deacon & 
Hecht, 1996). Furthermore, stocking densities of 6.4 kg/m3 do not affect growth 
parameters (Bacela, 1998). An optimal dietary protein and lipid inclusion levels in 
formulated diets for P.  commersonnii were found to be at least 45% protein with 12% 
lipid inclusion (Hecht et al., 2003).  
Understanding fish nutrition is regarded as one of the most fundamental biological 
aspects for the development of aquaculture (De Silva & Anderson, 1994). Feed in 
aquaculture is considered as the highest recurrent cost and constitutes more than 50% 
of the total operating expenses of a commercial farm (Davis, 1990). Therefore, it is 
necessary to compose cost effective diets that can yield optimal fish growth and feed 
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conversion ratio. The use of feed additives has become increasingly important in the 
industry to improve production efficiency. 
Feed additives in fish diets 
 
The use of antibiotics as feed additives to mitigate disease and improve growth has 
been banned due to the development of antimicrobial resistance, as well as harmful 
effects on human health (Pandey et al., 2012). In that context, the single cell proteins 
(SCP), which include micro algae, bacteria and yeast; and commercial feed additives 
have been used as an alternative to antibiotics for fish feed ingredients (Li & Gatlin, 
2004). The SCP dietary additives consist of various nutritional elements which include 
proteins, B-vitamins, pigments, complex carbohydrates and glucan (Ravindra, 2000). 
 
Feed additives are supplemented in fish diets in trace amounts to facilitate growth, 
possibly increase nutrient availability and provide some nourishment to enhance fish 
growth. In an effort to determine the nutritional value of feed additives, a number of 
studies have been conducted to evaluate the nutritional composition of different feed 
additives (Worm et al., 2006; Hasan & Chakrabarti, 2009; Güroy et al., 2010; Rinna et 
al., 2013; Abdel-Wahab et al., 2016). The use of algae, SCP’s (such as yeast and 
bacteria), as well as the commercial feed additives - have proven to have significantly 
enhanced the growth performance and health status of fish (Mustafa & Nakagawa, 
1995; Balcázar et al., 2006).  
 
The use of commercial feed additives as an alternative to antibiotics in fish feed has 
been considered in recent years. Herbal extracts have been used as medicine and 
immune boosters by humans in different parts of the world. According to Pandey et al. 
(2012), selected herbs act as immune-stimulants which trigger early activation of non-
specific defence mechanisms in fish and elevate the specific immune response (Yin et 
al., 2008). Williams (2006) reported that herbs are comprised of a variety of 
immunological active compounds such as polysaccharides, organic acids, alkaloids, 




The use of herbs as growth promoters is gaining attention because they are cost 
effective, eco-friendly and have minimal side effects. Many studies have proved that 
herbal additives play a significant role in livestock and aquaculture (Frankic et al., 2009; 
Madhuri et al., 2012). The inclusion of herbal feed supplements has the ability to 
stimulate appetite and digestion, enhance fish growth and protect them from diseases 
(Ramudu & Dash, 2013).   
 
The effect of dietary supplementation with a herbal growth promoter (Superliv®) was 
investigated on growth and body composition of Oreochromis niloticus (Dada, 2012). 
The fish that were fed diets supplemented with Superliv® showed higher survival, 
specific growth rate, feed efficiency, proximate composition and hematological 
parameters as compared to those that were fed a control diet. The authors 
recommended the use of Superliv® as a potential herbal supplement to improve 
sustainable, economical and safe fish production in tilapia.  
 
The potential of incorporating various feed additives in fish diets as partial replacement 
for fishmeal have been investigated. Most of these evaluations have reported promising 
results in fish diets (Dada & Olugbemi, 2013; Dada, 2015; Wing-Keong & Chik-Boon, 
2016). Of all the alternative dietary ingredients that have been studied, there is no single 
ingredient that could completely replace fish meal in fish diets hence many ingredients 
are yet to be investigated. Therefore, it is clear that the growth performance of fish 
species was positively affected by selected feed additives. Even though the effects of 
various feed additives are well documented for other fish species, there is no literature 
on the use of feed additives in the diets of spotted grunter, P. commersonnii.  
 
Different algal species have been used for nutritional purposes in aquaculture. Algae 
are natural photosynthetic organisms that are valuable for both man and animal 
throughout the world (Nisizawa et al., 1987). According to Amosu et al. (2013), South 
Africa is one of the countries with marine rich flora and high level of endemism. Among 
900 seaweed species that are found along the South African coastline, only twelve 
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marine algal species are currently exploited. The Ulva sp. is the most cultivated 
seaweed species for abalone aquaculture industries and large quantities are grown in 
paddle-wheel raceway ponds (Chopin et al., 2008).   
 
Sea lettuce (Ulva lactuca) is a green macro alga that occurs in deep calm waters 
(approximately up to 10 meters) in oceans and estuaries along sandy and rocky coast. 
The sea lettuce is a rich source of protein, pigments, minerals and vitamins - especially 
ascorbic acid (Ortiz et al., 2006). It promotes lipid metabolism, reduces body lipids and 
increases protein levels. Crude protein content of Ulva ranges from 10 to 26% of dry 
weight and is of high quality (Apaydin et al., 2010). 
 
Seaweed has shown positive effects on the growth performance in some fish species. 
Investigations on the effect of including small quantities of U. lactuca as a possible 
alternative protein source in specific fish diets have resulted in the improvement of fish 
growth, feed utilization, physiological activity, disease resistance, carcass quality and 
reduced stress response (Mustafa & Nakagawa, 1995; El-Tawil, 2010). Other studies 
proved that using Ulva meal as a feed additive for gilthead seabream (Sparus aurata) 
and red tilapia (Oreochromis sp.) can improve their growth performance without any 
adverse effects on feed efficiency and fish survival rate (El-Tawil, 2010; Emre et al., 
2013). 
 
Specific microalgae also play a vital role in the rearing of aquatic organisms, which 
include molluscs, shrimps and fish. Among the microalgae, the genus Spirulina is 
frequently used because of its nutritional composition. Spirulina platensis is a 
cyanobacterium and a source of a SCP (Ghaeni & Matinfar, 2013). It is preferred over 
the use of most other microorganisms because of its fast proliferation rate, quantity and 
high quality of proteins (Ghaeni & Matinfar, 2013; Moreira et al., 2013). S. platensis has 
a high protein content ranging from 50 to 70% compared with many other commonly 
used plant protein sources, such as soybean. It is also valued for its high levels of 
absorbable irons and other minerals, as well as high levels of B-complex vitamins, 
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essential fatty acids (linoleic and gamma-linolenic acids) and antioxidants such as 
carotenoids (Goksan et al., 2007; Moreira et al., 2013). 
The S. platensis has positive effects on the growth performance, feed utilization, stress 
and disease tolerance of cultured fish. Several studies have been conducted using dried 
Spirulina as a supplement in the diets of fish. Spirulina has been evaluated as a 
substitute protein source in Nile tilapia (O. niloticus), with maximum growth rates, 
immunity and reduced mortality obtained in diets containing 5 to 10% of algal meal 
(Abdel-Tawwab et al., 2008; Ibrahem et al., 2013). The fish survival after they were 
injected with pathogenic Aeromonas hydrophila increased with an increase in Spirulina 
level in the diets. There was lowest fish mortality and bacterial counts on the fish that 
were fed 5 to 10% of Spirulina. The authors concluded that the optimum levels of 5-10% 
of Spirulina improves the growth performance and feed efficiency of Nile tilapia as well 
as its diseases resistance to A. hydrophila (Ibrahem et al., 2013; Abdel-Tawwab et al., 
2008). The partial replacement of fishmeal with S. platensis was evaluated in juveniles 
of rainbow trout, Oncorhynchus mykiss with respect to growth performance and fillet 
pigmentation, with positive results (Mahdi et al., 2013).  
Certain SCP yeasts have the same content of amino acids as soy bean meal (Navarrete 
& Tovar-Ramirez, 2014). Yeasts are a rich source of protein and B-complex vitamins 
and their cell walls are selectively composed of chitin, mannan and immunostimulants. 
In addition, yeasts are also considered a less expensive dietary supplement as they are 
easily produced on industrial level from a carbon-rich substrate (Schulz & Oslage, 
1976).  
The brewer’s yeast, Saccharomyces cerevisiae is a SCP having immunostimulatory 
properties due to its content of nucleic acid and components of complex carbohydrates 
(FAO, 2008). It contains 45% proteins, 8% fat, 13% ash, 10% water and 23% of fiber 
and carbohydrates. It has free amino acids but lacks methionine (FAO, 2008). Ovie and 
Eze (2014) investigated the response of Clarias gariepinus fingerlings fed on diets 
formulated with varying levels of wet yeast (S. cerevisiae). The yeast replaced the 
highest inclusion level of 40.5% of the fishmeal successfully. The growth rate of 
O. niloticus decreased with an increase in yeast level in the diet (Ozório et al., 2012). 
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The best growth rate was found at 10% of the inclusion and a linear depression on 
growth performance was observed when fish were fed diets with more than 10% yeast. 
Olvera-Novoa et al. (2002) fed Oreochromis mossambicus fry torula yeast 
(Candida utilis) and in combination with a commercial diet and plant proteins. The 
authors found that there was no significant difference in the growth parameters but fish 
fed with 30% yeast diet and 65% plant protein obtained the best growth performance. 
They concluded that torula yeast can replace 30% of the protein in tilapia fry diets 
without reducing their growth. 
Aim and objectives of the study  
 
The aim of the current study was to investigate the effects of selected feed additives on 
growth and health status of juvenile spotted grunter, Pomadasys commersonnii, a fish 
species identified for potential marine aquaculture in South Africa. Juvenile 
P. commersonnii were, thus, fed fishmeal with the following dietary inclusions over a 12-
week period: macroalgae (U. lactuca), microalgae (S. platensis), yeast (C. utilis and S. 
cerevisiae) and two brands of commercial herbal additives (LIV-UP® and UNP PB-20®). 
The following specific objectives of the study address various aspects of growth and 
health of the cultured juvenile P. commersonnii: 
1. to determine the effects of the dietary inclusion of the above listed ingredients on 
the growth rate, feed utilization and whole body composition of spotted grunter; 
  
2. to assess the effects of the dietary inclusions on blood glucose, liver glycogen 
levels, the hepatosomatic index, the visceral fat index and the histology of the gut 
wall as indicators of the health of the experimental fish. 
 
3. to determine the effects of partial replacement of fishmeal with graded levels of 
torula yeast (C. utilis) on growth performance and health of spotted grunter, 
P. commersonnii. 
These specific objectives were tackled through a combination of established 
morphometric, biochemical and histological techniques. It is hoped that this study will 
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contribute useful information to the potential of marine culture of P. commersonnii in 


























              
GROWTH PERFOMANCE OF SPOTTED GRUNTER, POMADASYS 




In aquaculture, feed is the primary operating cost and constitutes almost half of the total 
operating costs of a commercial farm (Davis 1990; FAO 2002). Aquaculture 
manufactures its key inputs (fish meal and fish oil) from wild caught marine fish species 
which are not considered for human consumption (Schipp 2008; Tacon & Metian 2008). 
Fish meal is produced after the process that involves cooking, pressing and drying 
pelagic fish species and fish oil is obtained during the pressing process of cooked fish 
(Jensen et al., 1990). However, environmentalists criticize aquaculture industry for 
further depleting wild fisheries stocks worldwide (Naylor et al., 2000) due to increasing 
demand of fishmeal. Approximately 30% of the fish harvested each year is converted to 
fish meal or fish oil (Schipp 2008) to be used in producing animal feed, including 
aquaculture feed. 
The use of fish meal and fish oil in fish diets has increased as culturing of carnivorous 
fish species has expanded (FAO, 2009a). The reliance on fish meal in aquaculture as 
an important protein source has affected the cost of aquafeeds and consequently 
elevated the price of fish meal. This circumstance has led to intensive research within 
aquaculture, to develop and produce diets that are economically viable and can yield 
optimum fish growth within the stipulated time frame (Hunter & Roberts, 2000) while 
ensuring sustainable aquaculture production (FAO, 2009a; Allison, 2011). If growth 
performance and feed efficiency are substantially increased in commercial aquaculture, 
the relative cost of production is more likely to be reduced. In order to achieve a 
significant growth rate output, it is imperative that the diet contains a potential nutritional 
value. Proteins are the most valuable and essential nutrients required by fish for fast 
growth. An insufficient supply of proteins in fish diets may result in significant growth 
reduction and loss of weight (Wilson, 1989).  
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Generally, fish meal is an important protein source for use in aquaculture diets for 
carnivorous and omnivorous finfish. It is highly rich in essential amino acids (such as 
methionine and lysine) and fatty acids (eicosapntanoic acid (EPA) and docosahexanioc 
acid (DHA)) (De Silva & Anderson, 1994). The research and use of alternatives to fish 
meal remains a high priority though possibly associated with anticipated risks such as 
supply consistency, as well as cost and quality fluctuations. Over the past decade, the 
production of fish meal has been stable but the price has increased (FAO, 2002). 
A considerable amount of work has been expended to evaluate a wide range of 
potential alternatives that are more likely to remain available than limited fish meal 
resources. Several studies have evaluated a range of ingredients derived from plant 
and animal based protein. Among plant ingredients that were used, the potential types 
include soybean meal (Viola et al., 1982; Gallagher, 1994; Fagbenro & Davies, 2001), 
canola meal (Thiessen et al., 2004; Abbas et al., 2008, Enami, 2011) and lupin meal 
(Carter & Hauler, 2000; Caruso, 2015; Ranjan & Bavitha, 2015). Animal protein 
ingredients include meat meal (Lu et al., 2015; Yu et al., 2015), blood meal (Nogueira et 
al., 2012; Aladetohun & Sogbesan, 2013) and poultry meal (Emre et al., 2003; 
Hernandez et al., 2014). 
 
The use of feed additives as an essential component has been gradually receiving 
attention from aquaculture researchers. Dietary supplementation of different feed 
additives (such as, immunostimulants, prebiotics and probiotics) is promising in 
improving fish growth performance, whilst also contributing nutritionally (Dada & 
Olugbeni, 2013; Ganguly et al., 2013). The interest in supplementing aquafeeds with 
acceptable feed additives escalated after public awareness and banned use of 
antibiotics as growth enhancers in aquaculture, which can result in accumulative 
unfavourable side effects on human health and aquaculture products (Hao et al., 2014). 
Many studies have shown positive effects of different feed additives on growth 
performance and feed utilization of cultured fish (Dada, 2012; Dada & Olugbemi, 2013; 
Ganguly et al., 2013; Abdel-Wahab et al., 2016). 
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Hence, the current study aims to examine the growth performance of P. commersonnii 
fed with selected algae, yeast and immunostimulant supplemented diets. 
 
 
Materials and methods 
 
Experimental fish keeping system 
The experiments were carried out at Marine Research Aquarium from the Department 
of Agriculture, Forestry and Fisheries (DAFF) in Sea Point, South Africa. 
An automated Recirculating Aquaculture System (RAS) with a collective tank volume of 
9 300 L was used for feeding trials to evaluate the growth performance of spotted 
grunter fed with selected dietary feed additives for 12 weeks (April to June 2015). The 
RAS consisted of 20 cylindrical flat-bottom tanks each with an operating volume of 465 
L per tank and a maximum depth of 67 cm (Figure 2). The experimental tanks were 
covered with a green 6 mm mesh (bird eye net) in order to prevent fish from escaping 
from the tanks. Sea water was drained by gravity from the tanks using a perpendicular 
up-standing pipe to the drainage pipe. Each tank was supplied with water pumped (750 
W Speck Pumps SA Pty Ltd, Aquadrive 1100, 1.1 kW, Johannesburg) from the 4 
biological filters (250 L, Kaldnes® biomedia) (Figure 3) at a rate of 9 L/minute which is 
equivalent to a turnover rate of 540 L per hour per tank. The system water was treated 
by ultraviolet lights (55W Pro UV, Ultrazap, Johannesburg) and heated to 24.5-25ºC 
using a heat pump (Aquaheat, SF 060, 17.5 kW, Cape Town). The water from the 
system was filtered by a drum filter (Fairve®, Figure 3). The filtration system was 
designed to manage fish densities of 40 kg/m3, though only 1.5 kg/m3 were used for this 
study. Ten percent of the total water volume from the system was replaced daily with 
sea water from Queens Beach at Sea Point in Cape Town. For aeration, each tank was 
supplied with an airstone connected to an oil-free air blower. Fish were maintained at a 
photoperiod of 14L: 10D (Deacon & Hecht, 1996) regime throughout the experiment. 
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Photoperiod was controlled by an analog timer and with overhead fluorescent lights 
(400 lux). 
Figure 2: Rearing tanks (465 L) for P. commersonnii at DAFF Marine Research 
Aquarium in Sea Point. Note the experimental tanks are covered with green nets to 
prevent fish from jumping out of the tanks and the (a) perpendicular up-standing pipe 
that drains water from the tanks to the (b) drainage pipe.  
Figure 3: The filtration system in the Marine Research aquarium. The system consists 









system (b) Ultraviolet lights (55W) for treating water in the system and (c) Drum filter to 
remove organic compounds from the water system. 
 
Water quality parameters 
The fully automated recirculating system incorporated with biological filter and heat 
pumps was used to control and monitor ammonia and temperature throughout the 
feeding experiment. Despite this, the system was still manually monitored twice a week 
to eliminate factors that may contribute to fish mortality. The dissolved oxygen (DO) was 
measured weekly using a DO meter (YSI 85 DO/SCT meter, Ohio, USA). Total 
ammonia nitrogen (TAN) (ammonia, nitrite, nitrate and pH) were colorimetrically 
determined twice a week in the morning before feeding using SERA® test kits 
(Heinsberg, Germany).   
 
Experimental fish and acclimation 
Handling of live fish was conducted in compliance with regulations from DAFF and the 
Animal Ethics Committee of the Science Faculty at the University of Cape Town Animal 
Ethics Clearance number: Fish diet (2015/v5/HM) biosecurity protocols that govern 
animal welfare. One-month old captive bred P. commersonnii fry were obtained from the 
Sea Point Research Aquarium hatchery and were grown-out for three months before 
the experiment started. During the first month the fry were fed an imported feed: 200-
500 micro (µ) pellet (59% protein; 14% lipid; Skretting GEMMA Micro 300, Italy), 
followed by commercial trout meal (45% protein; 14% lipid; Aquanutro, South Africa) to 
apparent satiation, four times a day at most.  
Two weeks prior to the initiation of the feeding trial, spotted grunter juveniles were fed 
trout starter pellets twice a day at 09h00 and 15h00 at a maximum of 3.6% of their body 
weight per day, to acclimate them to the experimental feeding regime. The fish were 





Starting weight and stocking density 
After the acclimation period, fish were purged for 24 hours prior to the feeding trial to 
ensure stomach evacuation. Fish were then anesthetized with 2-phenoxyethanol (Merck 
laboratories, Johannesburg) at 0.2 mL/L, weighed to the nearest gram and standard 
length was measured to the nearest millimeter. According to Deacon et al. (1997), 2-
phenoxyethanol has no significant effect on the growth rate of spotted grunter. A total of 
300 fingerlings of spotted grunter with an average initial weight (mean ± standard error) 
of 14.38 ± 0.67 g were randomly stocked in 20 tanks (15 fish per tank). All the 
experimental fish were derived from the same broodstock. 
 
Experimental diets 
Feed collection and formulation 
All the experimental diets were prepared at DAFF Marine Research Aquarium, feed 
manufacturing laboratory, Sea Point. 
Dietary test ingredients were purchased locally and internationally (Table 1) except for 
the fresh seaweed (U. lactuca) which was collected from an abalone farm in Gaansbaai, 
Western Cape in South Africa. The transportation of the seaweed was made in 50 L 
polyethylene containers. Upon reaching the Marine Research Aquarium where the 
study was conducted, the seaweed was washed with sea water, sun-dried and 
homogenised using a coffee grinder before it was mixed with other ingredients. 
Formulation and proximate composition of the experimental diets are presented in Table 
1. The proximate composition of the experimental diets presented was conducted at the 
Agricultural Research Council (ARC) in the Department of Aquaculture in Pretoria, 
South Africa. 
The fishmeal was mixed manually with pre-weighed quantities of multi-vitamins. All the 
diets had therefore a similar basal composition on a dry weight-basis (Table 2). An 
inclusion level of 12% of the respective test ingredients was supplemented to the basal 
diet, except for the control. The inclusion level of 12% was arbitrarily decided upon. The 
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final dry food mixture was kneaded by adding water until a homogeneous dough was 
obtained. The feed was oven-dried at 38ºC for 16 hours in the laboratory and feed was 
ground using an adjustable corn kernel hand grinder into desirable particle sizes. The 
feed was packed in sealed plastic bags and kept at -20°C for further use during the 
experiment.  
Table 1: Formulation and proximate composition of experimental diets. 
Ingredients (%) Diets 










Fish meal1 70 70 70 70 70 70 82 
Spirulina platensis2 12 - - - - - - 
Ulva lactuca3 - 12      
Torula yeast2 - - 12 - - - - 
Brewer’s yeast2 - - - 12 - - - 
LIV-UP® liquid4 - - - - 12 - - 
Ultra-Natural Plus PB-
205 (UNP PB-20®)        
- 
 
- - - - 12 - 
Binder 7 7 7 7 7 7 7 
Premix6 (Min/Vit mix) 1 1 1 1 1 1 1 
Cod liver oil7 10 10 10 10 10 10 10 
Diet proximate composition  
Crude protein 49.2 47.5 49.5 49.5 51.2 45.5 56.4 
Crude Fat 15.5 14.4 15.6 15.1 14.9 14.5 16.7 
Ash 10.1 12.4 10.6 12.8 11.7 10.1 12.5 
Moisture 11.9 9.25 11.1 8.10 10.4 12.4 12.5 
1Aquanutro (Pty) Ltd, 5 Aqua Crescent, Malmesbury, South Africa 
2 Nature’s Choice, Meyerton, Cape Town, South Africa 
3Ulva lactuca was freshly collected from Gaanbraai, Cape Town, South Africa 
4 Century Pharmaceuticals Limited, Sayajigunj Vadodara, India 
5 Biologistics Canada, Industrial Chateauguay, Canada 
6Kyron Laboratories (Pty) Ltd, Benrose, Johannesburg, South Africa 




A predetermined ration of each formulated diet was fed to three tanks of fish (i.e. 3 
replicates per treatment), while the control had two replicates. The fish were fed at a 
ration consistent with a maximum of 3.6% of their body weight per day, but divided into 
two feeding sessions (09H00 and 15H00). 
 
Data collection 
At the start and end of the feeding trial, fish were individually weighed using a Mettler 
Toleo electronic scale (VP SW 15, Microsep (PTY) Ltd, Sandton, accuracy to 0.01 g) 
and the standard length (SL) was measured (in mm) using a ruler from the tip of the 
snout to the posterior end of the last vertebra of the fish. Before the fish were handled, 
food was withheld from the fish for 24 hours and subsequently anesthetized with 2-
phenoxyethanol at 0.2 mL/L whenever handling was necessary. All 10 fish were then 
returned to their respective tanks. Only ten fish were randomly sampled from each tank 
to gather morphometric data (body weight and length) after every 7 days of the feeding 
trial for 12 weeks.  
The tanks were daily monitored for any behavioural changes or mortalities and dead 
fish were removed immediately from the tanks and mortalities recorded. 
The fish growth was measured in terms of increase in body weight and length. In 
addition, specific growth rate (SGR), percentage weight gain, feed conversion ratio 
(FCR) and condition factor (K) were used to assess the effect of different supplemented 
feed on the growth performance of spotted grunter and were calculated using Equation 
1 to 5 respectively: 
Specific growth rate (SGR) is the measure of percentage increase in body size over 
time and is expressed as:  
SGR (% day-1) = [Ln(Wf) - (Wi)] x D-1 x 100      (1) 
where Wf represents the final weight of fish in (g), Wi represents the initial fish weight (g) 
and D represents the number of days. 
Weight gain (WG, g) = (Wf - Wi)        (2) 
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where Wf represents final weight of fish in (g) and Wi represents the initial fish weight 
Feed conversion ratio (FCR) is a collective mass of the dry feed consumed for the 
experimental period and wet body weight gained by the fish. It measures the efficiency 
of the fish in assimilating the nutrients that are contained in a diet. FCR is expressed as 
follows: 
FCR= dry feed consumed* (g) / wet body weight (g)     (3) 
*Air dry (i.e. 10% moisture). The FCR expresses a ratio factor.  
Condition factor (K) is the relationship between the length and fish body weight. It can 
be used to determine health condition of fish under changing environmental factors.  
Fulton’s condition factor (K) is expressed as follows (Fulton, 1902): 
K= 100(W / L3)          (4) 
where W represents fish wet weight in (g) and L represents the fish length in (mm) 
Protein efficiency ratio (PER) is the ratio of the weight gain to the protein consumed 
over a certain period of time. It is calculated as follows: 
PER = Weight gain per fish/protein intake per fish     (5) 
 
Proximate analysis 
At the end of the 12-week growth experiment, 3 randomly sampled fish from each 
replicate (thus, 9 fish per supplemented treatment and 6 fish for the control) were 
pooled. From the pooled material three replicates per treatment were analysed to give a 
sample number of 21, including the control, hence the reported DF error = 14. A 
composite sample of 500 g of each experimental diet was selected and used to analyse 
the chemical composition of each diet. Three replicates of approximately 2 g of each 
treatment (n = 3) were used to determine total crude protein, lipid, ash and moisture 
content. The fish were euthanized using an overdose (2.5 mL/ 25 L) of clove oil (Sri 
Venkatesh Aromas, Dehli, India) and homogenised with a meat mincer. The samples 
(homogenised fish and experimental diets) were packed in a cooler box with ice and 
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sent to Agricultural Research Council (ARC) in the Department of Aquaculture for 
proximate analysis. The crude protein for the pooled material (per replicate) was 
determined using the Kjeldahl method (AOAC Official Method 2001.11) in a UDK 159 
automatic Kjeldahl Analyzer. Lipids were extracted from the samples by solvent 
petroleum ether (Soxhlet procedure) using Buchi 810 Soxhlet Fat extractor.  The lipid 
percentage was then calculated by gravimetric analysis (AOAC Official Method 948.15). 
The ash content (AOAC method 942.05) was determined by placing the samples in a 
furnace for 4 hours at 550°C and for moisture content (AOAC method 934.01), the 
samples were oven dried for 72 hours at 95°C. 
Statistical analysis 
All values are represented as mean ± standard error; n = 2 for the control group and n = 
3 for each of the supplemented diets. One-way analysis of variance (ANOVA) was used 
to compare treatment means and a Tukey’s multiple range analysis was performed if 
any significant differences were detected p < 0.05. A non-parametric Kruskal-Wallis test 
was used to compare means between treatments at p < 0.05 if the data did not meet the 
assumptions of ANOVA (Shapiro-Wilk’s test for normality of the residuals and Levene’s 
test for homogeneity of variance). Data collected on total body weight gain, SGR, final 
length and condition factor were analysed using one-way analysis of variance. Tukey’s 
D-test was used to compare means between treatments at p = 0.05. The statistical 
analyses were carried out using the software DellTM STATISTICATM 13.0 version 13 
(Statsoft, US). The data collected for experimental replicates were pooled as no 




All the tested water quality parameters did not differ significantly among the treatments. 
The mean water temperature and pH were 24.7 ± 0.31ºC and 8.03 ± 0.19, respectively. 
Similarly, the dissolved oxygen and total ammonia-nitrogen were kept within the range 
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of 6.2 to 6.8 and 0.01 to 0.25 mg/L, respectively throughout the experiment. The salinity 




After the seventh week, three and four fish mortalities were recorded on Ulva and 
control diet respectively. Fish samples were immediately collected for autopsy and gill 
parasites were diagnosed by a fish veterinarian. The outbreak of parasites resulted due 
to defective UV lights. Apart from this incident, most fish survived until the experiment 
was completed. 
Proximate composition of the experimental fish diets 
The proximate composition of the experimental diets varied significantly (p < 0.05) 
among treatments with means (± standard error) of 49.98 ± 1.83% for crude protein (F 
(6, 14) = 49.61, p=0.001), 15.1 ± 0.49% for lipids (F (6, 14) = 9.51, p=0.0003), 10.14 ± 
1.67% for moisture (F (6, 14) = 40.99, p=0.001), 11.3 ± 1.0% for ash (F (6, 14) = 1579.26, 
p=0.001) and 0.84 ± 0.17% for fibre (ANOVA: F (6, 14) = 252.11, p = 0.0001, Table 1).  
 
Growth performance 
Acceptability and palatability of the experimental diets were assessed by observing the 
feeding behaviour of the juvenile P. commersonnii. All the diets were well accepted by 
the spotted grunter but the U. lactuca supplemented diet appeared to be less palatable 
to the fish as the feeding rate was slower than that of other treatments. The fish 
appeared healthy throughout the experiment.  
The initial body weight, length and condition factor of all fish used in the experiment 
were statistically similar (p > 0.05) with mean body weight of 14.38 ± 0.67 g (Kruskal-
Wallis: H (0.05,10,10,10,10,10,10,10) = 4.50, p= 0.60), a mean body length of 8.00 ± 0.33 mm 
(Kruskal-Wallis: H (0.05,10,10,10,10,10,10,10) = 8.36, p= 0.21) and mean condition factor of 2.82 
± 0.18 (Kruskal-Wallis: H (0.05,10,10,10,10,10,10,10) = 7.41; p= 0.28), (Table 2; data shown as 
mean ± standard error, n = 10).  
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The growth responses of the juvenile grunter under different treatments are given in 
Table 2. A significant difference was observed in weight gain after 12 weeks of feeding 
different diets to spotted grunter juveniles (F (6, 13) = 8.71, p = 0.0006). In the first four 
weeks of the feeding trials, however, the growth rate of fish in all treatments was slow; 
thereafter, a notable growth improvement was evident after feeding the experimental 
diets (Figure 4 and 5). All fish fed with supplemented diets almost tripled their initial 
body weight after 12 weeks of feeding, while the fish fed with the control (non-
supplemented) diet did not gain so much weight (Table 2; Figure 5) 
Juvenile spotted grunter fed on the control diet grew significantly slower after the fourth 
week of feeding compared to the other groups of fish that were fed the supplemented 
diets (Figure 4). The control group only attained 23.01 ± 0.6 g of body weight after 12 
weeks of feeding, thus an approximate growth rate of 1.92 g per week, while the growth 
rate of fish fed on torula yeast supplemented diet surpassed all other diets with a body 
weight gain of 66.4 ± 10.28 g at the end of the experiment, thus an approximate growth 
rate of 5.53 g per week. There was a successive body weight gain in fish fed other 
supplemented diets with order of magnitude starting from the lowest average (LIV-UP®) 
at 44.1± 3.21 g to the succeeding (Spirulina) at 58.6 ± 8.27 g. The Ulva and UNP PB-
20® showed intermediate growth performance than those that fed on LIV-UP®, whilst 
fish growth with brewer’s yeast dietary supplement was performing close to the 
indicated value for Spirulina. 
A significant difference in SGR was observed between fish fed with torula containing 
diet and control while there was no significant variation observed among all other feed 
additive containing diets (F (6, 13) = 2.17, p = 0.05).  The mean SGR of fish fed torula 
yeast containing diet was significantly high (2.14 ± 0.21%/day) compared to fish that 
were fed the other diets (Table 2, Figure 6). The average SGR for fish fed other feed 
additive containing diets ranged from the lowest 1.56 ± 0.23%/day for UNP PB-20® to 
2.10 ± 0.15%/day for Spirulina containing diet. The intermediate LIV-UP® (1.68 ± 
0.08%/day) performed close to the average SGR value of fish fed Ulva supplemented 
diet (1.70 ± 0.12%/day).  It was observed that fish fed with control diet has significantly 
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slow SGR (0.95 ± 0.09%/day, p = 0.046) than fish fed with supplemented diets (Figure 
6). 
The condition factor of fish fed different diets over 12 weeks was significantly higher 
than that of fish fed the control diet (F (6, 13) = 26.83, p < 0.0001, Table 2, Figure 7). Fish 
fed on torula supplemented diet mediated the best condition factor (3.28 ± 0.34) among 
the fish fed other feed additive containing diets, while the control group exhibited the 
lowest condition factor of 2.62 ± 0.27. The average condition factor of fish that were fed 
supplemented treatments decreased from 3.20 ± 0.26 for fish fed on brewer’s yeast to 
2.95 ± 0.15 for fish fed on Ulva containing diet. The condition factor of 3.08 ± 0.16, 3.06 
± 0.14 and 2.99 ± 0.11 were observed in fish fed Spirulina, LIV-UP® and UNP PB-20® 
containing diets (Table 2). 
 
A significant difference was observed in the final body length of the fish fed different 
treatments (F (6, 13) = 6.13; p = 0.003, Table 2) with a mean of 13.06 ± 0.81 mm. All fish 
fed with supplemented diets grew to a final length significantly greater than the control 
fish. The torula yeast supplemented group showed an increase in body length to a 
maximum measure of 14.05 ± 1.25 mm, compared to body lengths that were attained 
with the other supplemented treatments. The Spirulina containing diet also increased 
final body length to 13.45 ± 1.12 mm followed by brewer’s yeast, UNP PB-20®, Ulva and 
LIV-UP® containing diets with 13.25 ± 1.19, 13.07 ± 1.31, 12.89 ± 1.20 and 12.67 ± 1.26 
mm, respectively. The control group attained the lowest final length of 11.4 ± 1.33 mm 







Table 2: The weight, length, condition factor (CF), weight gain, specific growth rate 
(SGR) and feed conversion ratio (FCR) of P. commersonnii juveniles fed different 
diets over 12 weeks. Data given as mean ± standard error, n = 3 for each 
supplemented treatment and n = 2 for the control. 
 Spirulina Ulva Torula yeast Brewer’s yeast LIV-UP® UNP PB-20® 
Initial weight (g) 12.52 ± 3.39 
 
14.42 ± 3.84 13.2 ± 4.00 
 
14.28 ± 4.15 
 
14.16 ± 3.82 
 
13.89 ± 3.40 
 
Initial length (mm) 7.69 ± 0.74 
 
8.04 ± 0.74 
 
7.64 ± 0.75 
 
8.03 ± 0.82 
 
7.94 ± 0.68 
 
8.43 ± 0.60 
 
Initial CF 2.75 ± 0.11 
 
2.74 ± 0.40 
 
2.81 ± 0.27 
 
2.76 ± 0.05 
 
2.83 ± 0.08 
 
2.81 ± 0.01 
 
Weight gain (g) 58.6 ± 8.27*** 
 
45.1 ± 2.92* 
 
66.4 ± 10.28*** 57.9 ± 6.05*** 
 
44.1 ± 3.21* 
 
48.6 ± 8.90* 
 
Final weight (g) 71.07 ± 15.71*** 
 
59.52 ± 12.40* 
 
79.6 ± 20.85*** 72.23 ± 11.43* 
 
58.25 ± 12.82 
 
62.52 ± 15.97* 
 
Final length (mm) 13.45 ± 1.12 
 
12.89 ± 1.20* 
 
14.05 ± 1.25** 
 
13.25 ± 1.19 
 
12.67 ± 1.26** 
 
13.07 ± 1.31* 
 
Final CF 3.08 ± 0.16*** 
 
2.95 ± 0.15** 
 
3.28 ± 0.34*** 
 
3.20 ± 0.26*** 
 
3.06 ± 0.14*** 
 
2.99 ± 0.11*** 
 
SGR (% body weight per day) 2.10 ± 0.15 
 
1.70 ± 0.12 
 
2.14 ± 0.21* 1.93 ± 0.15 
 
1.68 ± 0.08 
 
1.56 ± 0.23 
 
ANOVA followed by Tukey’s D-test was used to compare means between treatments 
at p = 0.05. Footnotes: *significantly different from each other at p < 0.05; ** 





Figure 4: Weekly gains in live mass (g) of P. commersonnii fed different diets over a 
12 week period. Each data point represents the mean of each treatment (n = 3 for 
the supplemented diets and n = 2 for the control). Data within the circle is 
represented in Figure 5. 




















Figure 5: Final weight (g) of P. commersonnii after 12 weeks of feeding (n = 3 for the 






























































Figure 6: Specific growth rate (%/day) of P. commersonnii fed with different diets for 
a period of 12 weeks (n = 3 for supplemented diets and n = 2 for the control). Data 
represented as Mean ± S.E.  






















Figure 7: Condition factor of P. commersonnii fed with different diets for a period of 
12 weeks (n = 3 for supplemented diets and n = 2 for the control). Data represented 
as Mean ± S.E.  
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The feed conversion ratio (FCR) was affected by the supplementation of fish diets 
with different ingredients.  Fish fed supplemented diets improved their FCR 
compared to the control. Moreover, better FCR was observed among the groups 
where SGR and weight gain were also higher (diet supplemented with torula, 
brewer’s yeast, Ulva, LIV-UP® and UNP PB-20® diet, respectively; Table 3). The best 
FCR (1.03) was mediated in Spirulina diet and the worst FCR for the control was 
determined to be 3.84 (Table 3). The exact same sequence of FCR was observed 
for protein efficiency ratio (PER). Fish fed on diet (Spirulina, torula, brewer’s, Ulva, 
LIV-UP® and UNP PB-20®) had higher PER values when compared to the control of 
0.45 (Table 3). 
 
Table 3: Feed conversion ratio (FCR) and protein efficiency ratio (PER) of 
P. commersonnii for fish fed with different supplemented diets and the control for 12 
weeks. 



















Proximate composition of the experimental fish  
At the end of the feeding trial, three fish from each tank were pooled to provide nine 
replicates per treatment. From the pooled material three replicates per treatment 
were analysed to give a sample number of 21, including the control, hence the 
reported DF error = 14. The proximate composition (crude protein and lipid content) 
of the whole experimental fish is listed in Table 4. The results show that the 
supplementation of fish diets with dietary ingredients affected protein and lipids: a 
mean (± standard error) protein content of 19.27 ± 0.23% (F (6; 14) = 5.68, p = 0.004) 
and a mean lipid content of 7.10 ± 1.30% (F (6; 14) = 41.23, p = 0.001) was obtained 
(Table 4). The whole body fat content was significantly higher (p < 0.05) in fish fed 
torula diet (9.06%) when compared to other treatments. The lipid content of the fish 
fed on supplemented diets ranged from 6.37 to 9.06% for fish fed on Ulva and torula 
yeast supplemented diets, respectively while the control diet (4.6%) was significantly 
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lower than all other treatments. The body lipid content of 7.90, 7.82, 7.16 and 6.73 
was observed for fish fed on LIV-UP®, Spirulina, brewer’s yeast and UNP PB-20®, 
respectively (Table 4). The protein content obtained by the fish that fed on Ulva, 
torula and brewer’s yeast was higher (19.5%) than that of the control group (19.1%). 
Fish fed on Spirulina diet obtained the similar protein content as the control group, 
whilst the body protein content on fish fed with UNP PB-20® was close to an 
indicated value for the control group. Fish fed on LIV-UP® had a lowest content than 
the rest of the diets.  
Table 4: Whole body proximate composition of P. commersonnii fed on different 
































The results of the present study suggest that the supplementation of fishmeal with 
specific ingredients, promote a higher rate of body weight gain, protein efficiency 
ratio (PER), length, condition factor and lowers feed conversion ratio (FCR) values 
P. commersonnii juveniles after 12 weeks of feeding. The supplemented fish diets, 
thus, improve nutrient utilization as indicated by enhanced body weight, length, FCR 
and specific growth ratio (SGR) of spotted grunter fed on supplemented diets when 
compared to the control group. Such comparative tests have also been documented 
for other fish species and are indicative of the potential benefits of using 
supplemented diets in aquaculture. Wassef et al. (2005) reported that Pterocla dia 
and Ulva inclusions of 10% and 5% respectively in diets for gilthead sea bream (S. 
aurata) produced significantly improved feed utilization, nutrient retention, survival 
and weight gain of approximately 2.5 to 3 folds to that of the control fed fish. In a 
similar manner, Atlantic salmon (Salmo salar) was observed to have an improved 
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growth rate, digestibility and nutrient retention when fed 40% C. utilis and 
Kluyveromyces marxianus containing diets for 89 days (Øverland et al., 2013). In a 
study by Dada & Olugbemi (2013), growth performance related parameters on 0.5 
g/kg Aqua pro® fed African catfish (C. gariepinus) attained higher weight gain, 
specific growth rate and feed utilization when compared to the non-supplemented 
diet (control) after the feeding trial. Velasquez et al. (2016) also found that 30% of 
Arthrospira platensis improve growth performance of Nile tilapia.  
 
The results of the current study show that, inactivated torula yeast (C. utilis) 
containing diet appeared to be an effective feed supplement for stimulating faster 
growth rate in juvenile spotted grunter compared to other supplement incorporated 
diets tested (Figure 3, Table 2). Apparently, C. utilis yeast is rich in protein and has 
an excellent profile of essential amino acids (Athar et al., 2009). The C. utilis diet 
also supported the best growth rate in Atlantic salmon, S. salar over other yeast diets 
(Øverland et al., 2013). Matty & Smith (1978), Mahnken et al. (1980) and Olvera-
Novoa et al. (2002) reported that Candida yeast was the best utilized protein source 
for growth by rainbow trout (Salmo gairdnerii) and tilapia (O. mossambicus). 
Conversely, a reduction in the growth rate of grey mullet (Mugil cephalus) was 
observed after 8 weeks of feeding torula yeast diet (Luzzana et al., 2005), while the 
weight of abalone (Haliotis midae) was also negatively affected by the 
supplementation of torula yeast in its diet as abalone showed no significant growth 
improvement (Britz, 1996). From the current results, it is assumed that the C. utilis 
yeast portion, supplemented in the diet of the spotted grunter, contributed to the 
measured growth performance since the yeast strains are highly digestible and also 
contain prebiotics such as mannan-oligosaccharides (MOS) that stimulate growth of 
beneficial bacteria in the digestive tract (Bifidobacterium and Lactobacillus) to 
enhance digestibility, modulate intestinal microbial communities and concomitant 
increase gut absorptive surface area for nutrients (Gibson et al., 2004; Dimitroglou et 
al., 2009). 
 
The selected dietary supplements did not result in any significant variation in the 
SGR of the fish; instead, the mean SGR followed the same trend as with weight 
gain. Fish size is one of the factors that may influence fish growth rate (Sumpter, 
1992). Hence, fish grow much faster during their early stage. In the present study 
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fish fed on supplemented diets had a higher SGR compared to the control (Figure 6). 
The lack of significant difference in SGR observed in our study could be attributed to 
the larger fish size that was used at the start of the experiment. These results are 
comparable to the results presented for other fish species such as rainbow trout, O. 
mykiss (Akbulut et al., 2002) who reported that larger fish grew significantly slower 
than the small fish. 
 
The condition factor (CF) of spotted grunter was affected during the 12 weeks of 
feeding by the different diet supplements. CF is used to measure the health status of 
fish based on their weight-length relationship with the assumption that, heavier fish 
of a given length are healthy. It has been reported that CF is affected by feed 
availability, stress, sex and water quality parameters (Khallaf et al., 2003). According 
to Goede & Barton (1990), condition factor decreases when fish are subjected to 
stocking density stress and might also fluctuate as a reflection of feeding activity and 
nutrient availability. In the current study, the growth conditions and nutrient 
availability appeared to be more favourable for almost all other treatments except for 
fish fed on Ulva and the control diet, which exhibited a significantly decreased CF. 
This might explain the slow growth rate (Figure 3) that was observed in spotter 
grunter fed these diets. 
Like other carnivorous fish species, spotted grunter prefers animal protein diets to 
plant ingredients and such conclusion is in agreement with our findings showing a 
decrease in feed intake by fish fed diet containing U. lactuca (Table 2). Inclusion of 
higher plant-based protein in fish diets has been reported to reduce the rate of feed 
intake (Abdel-Wahab et al., 2016). The apparently slow growth performance 
observed in Ulva diet might be attributed to the presence of anti-nutritional factors 
(such as saponins, tannins and phytic acids) which can hamper the growth rate of 
fish due to reduced palatability of the diets (Francis et al., 2001). According to Azaza 
et al. (2008), 10% inclusion of U. rigida in fish diets contains 1.13% of saponins, 
0.16% tannins and 0.47% phytic acids. Saponins are characterized by bitterness 
which could cause poor palatability of the diet (Emire et al., 2013). Thiessen et al., 
(2004) also argued that plant feedstuff contains a considerable amount of fibre which 
can have adverse effects on nutritional value and palatability. However, lower 
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inclusion levels of specific plant-based diets may be included in salmonid diets to 
improve growth and utilization rate (Collins et al., 2013).  
Yaich et al. (2011) found that seaweed, U. lactuca, contains almost 54% of fibre and 
which might reduce its utilization rate by carnivorous fish. Fibre structures present in 
fish diets diminishes the accessibility of digestive enzymes to feed nutrients (Abdel-
Wahab et al., 2016) making enzymes to be less effective. Therefore, high fibre 
content present in Ulva diet might be the possible reason for reduced palatability, 
feed intake, growth rate and possibly adverse effects in the intestines (Discussed in 
Chapter 3) observed in our study.  
Different supplemented diets of spotted grunter also affected the efficiency of feed 
conversion. Generally, better feed conversion ratio values (i.e. 1.03, 1.08, 1.09, 1.11, 
1.21 and 1.35) were achieved in all supplemented treatments (Spirulina, torula, 
brewer’s yeast, Ulva, LIV-UP® and UNP PB-20®, respectively) compared to 3.84 of 
the non-supplemented feed (control) (Table 2). The best FCR value (1.03) was 
obtained in the Spirulina supplemented diet. These results are consistent with the 
results reported by Britz, 1996; Palmegiano et al., 2005 and Ramakrishman et al., 
2008, who observed that S. platensis supplemented diets improved the conversion 
ratio of reed sea bream (Pagrus major), abalone (H. midae), sturgeon (Acipencer 
baerii) and common carp (Cyrinus carpio). Unlike other commonly used plant-protein 
sources, Spirulina cells lack cellulose and makes it easy digestible, thus improving 
fish appetite, increasing feed intake and nutrient digestibility (FAO, 2008). In 
addition, Berestov (2001) found that its cell walls are rich in mucopolymer murein 
which is easily digested by the digestive enzymes secreted by monogastric 
organisms. The relatively low FCR values found in this study suggest that 
supplemented ingredients were efficiently utilized by the fish. 
Similarly, protein utilization observed in fish fed supplemented diets was evidently 
more efficient than the control (PER = 0.45), as marked by higher PER values (1.34, 
1.19, 1.17,1.07, 0.95 and 0.86) that serially corresponds with Spirulina, torula, 
brewer’s, Ulva, LIV-UP® and UNP PB-20® as feed supplements. Similar results were 
observed in abalone (H. media) fed different protein sources (Britz, 1996). PER is 
regarded as a good indicator of protein quality and quantity in fish diet and body. It is 
often applied to evaluate protein utilization and its conversion into protein growth. 
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Therefore, low PER values (1.07, 0.95, 0.85 and 0.45) obtained from fish fed all the 
respective plant-based supplements and the control diets were indicative of poor 
dietary protein utilization. This might possibly explain the slow growth rates observed 
for these treatments (Figure 3).  
The whole body lipid and protein composition of experimental fish, subjected to the 
multiple dietary supplements, were variably influenced by the latter (Table 4). The 
whole body protein content was comparable and in a narrow range between 18.9 
and 19.5%. Fish fed on LIV-UP® containing diet had the lowest carcass protein 
(18.9%) although they were offered the highest dietary protein content (51.2%) when 
compared to all other treatments. It is evident that protein availability, digestibility and 
sufficient essential amino acid composition are key to formulating the best 
performing protein composition of species specific fish diets. The results conform to 
the findings of Hecht et al., (2003) who reported that the optimum dietary protein 
level for juvenile spotted grunter varies from 48 to 50%. These results may be due to 
the fact that each fish species has a certain protein limit after which excess protein 
could not be utilized efficiently. Therefore, high dietary protein in spotted grunter may 
affect the growth performance of the fish. However, the PER will be indicative if all 















             
 
EFFECTS OF DIFFERENT SUPPLEMENTED FISH DIETS ON THE HEALTH OF 




Proteins are the most expensive and essential nutrients required for fish growth. 
Therefore, an insufficient supply of protein in the diet will result in growth depression 
and loss of body weight in animals (Wilson, 1989). Fish require a balanced diet with 
all the essential and non-essential amino acids for growth. Hecht et al., (2003) 
reported that at least 48% of dietary protein for spotted grunter is required for 
optimum growth. Proteins can be sourced from animals, plants and diet formulation 
permutations must provide for the availability and digestibility of these resources to 
resemble a complete nutrient profile as required for the fish species to be cultured. It 
is therefore inevitable that, nutrients for fish grown in captivity will be derived from 
different protein sources (Craig & Helfrich, 2002). The use of nutritive additives can 
enhance growth performance but it should be determined if the health of the fish is 
not affected in the process.  
The species subjected to artificial (formulated) diets may be sensitive to these diets 
in such a way that histology of gastrointestinal tract (GIT) tissues may be altered. 
The intestinal alterations could have a negative effect on the standard fundamental 
aspects of a functional gut such as digestion and absorption of nutrients from the 
feed by the intestinal villi, microbial production and diversity as well as healthy 
immune system (De Lange et al., 2010). Histological analysis of GIT can be used to 
indicate the nutritional status of the fish (Green & McCormick, 1999). When 
supplementing feed with formulated dietary ingredients derived from different raw 
materials, it is important to evaluate the impacts on gut histology as the digestive 
system can be adversely affected by feed used during the experiment. The intestines 
and liver are the most vital organs in digestion and absorption of nutrients, and as a 
result, progressive evaluation of these organs is considered necessary to monitor 
feed impacts on fish health (Rašković et al., 2011).  
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The digestive system of fish is a tube-like structure which differs in complexity based 
on various feeding habits of the fish species (Merrifield et al., 2011).  Its primary role 
is to digest feed into molecules that are suitable for absorption into the bloodstream 
via different transport mechanisms of the epithelial border cells of the GIT sections 
(Merrifield et al., 2011). The digestive tract of fish consists of the oesophagus, 
stomach and intestine. The digestion process starts from the stomach and the 
intestine’s role is to complete digestion and facilitate absorption of nutrients from the 
feed (Canan et al., 2012). The exposure of intestinal cells to anti-nutrients is 
considered a major risk that can result in severe tissue damage or enteritis 
(Merrifield et al. 2011). The anti-nutrients are substances that can hamper nutrient 
availability when present in diets and consequently induce negative health effects on 
fish (Soetan & Oyewole, 2009; Emire et al., 2013). It is therefore imperative to 
progressively evaluate the histological and morphological alterations induced by anti-
nutrients. 
The wall of the intestine is made up of three distinct layers: the mucosa, the 
muscular and the outer layer (Figure 8). The mucosa forms the innermost layer of 
the intestine (the lining of the gut lumen) and consists of three different layers 
starting with the inner epithelium, then the lamina propria, and lastly the muscularis 
mucosae (Canan et al., 2012). The cellular connective tissues consist of the lamina 
propria) and submucosa outer layer. The surface cells of the intestines exposed to 
the luminal contents are the enterocytes (epithelial layer), with intestinal villi 
structures which are also termed as the epithelial brush border (Figure 8). The layer 
of mucus secreted by goblet cells helps during the elimination of gut content and 
also forms the effective protection barrier against physical and chemical injury 
induced by the feed, bacteria and microbial products (Kim & Ho, 2010; Nazlic et al., 
2014). The submucosa consists of blood vessels and nerve fibres. These blood 
vessels are the portal for transferred organic molecules as well as minerals via intra- 
and possibly inter enterocyte passage routes. The submucosa is overlaid by an inner 
circular and then outer longitudinal muscular layer. The muscular layer is covered by 
the connective tissue of the outermost layer which is also known as the adventitia in 





Figure 8: Detailed intestinal wall (Photograph of Schizodon knerii from Dos Santos 
et al., 2015): (A) Intestinal wall illustrating the mucosal layers (hematoxylin & eosin, 
bar = 200 µm): M, lamina propria, L, inner muscular layer, I, outer muscular layer, E, 
serous membrane (outer protective layer). (B) Detailed mucosa (hematoxylin & 
eosin, bar = 200 µm): arrowhead - goblet cells, thick arrow – lymphocytes and thin 
arrow – brush border. 
35 
 
Histological features of the fish digestive tract vary in morphology and function 
depending on the taxonomy, feeding habits and habitat of fish (Abdulhadi, 2005). 
Typically, the digestive tract of carnivorous fish species is short when compared to 
herbivorous and omnivorous fish species. Plant materials present in herbivorous fish 
diets takes longer time to be digested and exposed to digestive enzymes; hence 
herbivorous fish have longer intestines than carnivores (Ferreira et al., 1998). 
As animals continue to grow, body tissues develop and the energy is stored in body 
tissues in the form of protein, lipids or glycogen. Glycogen is the stored form of 
glucose and is concentrated in the liver, skeletal muscles and heart tissues (Chia-Hsi 
et al., 2007; Harmon et al., 2011) with varying quantities in different fish species 
(Enes et al., 2009). Generally, the liver is the major storage site of glycogen. The 
stored glycogen is readily available as glucose to the body tissues and is reserved in 
the liver cells (hepatocytes) (Munawar et al., 1989). Glycogen and blood glucose 
levels are good indicators of stress in fish (Barton, 2002; Martínez-Porchas et al., 
2009) and stressed fish have high level of blood glucose and low glycogen content 
stored in the liver. In fish rearing systems, common stressors associated with 
confinement, crowding, handling, transport, malnutrition and changes of water quality 
parameters (for example temperature, salinity and oxygen) are inevitable (Bianca, 
2008; Harper & Wolf, 2009). However, severe exposure of fish to these stressors 
can evoke physiological and behavioural maladaptations resulting in inhibited growth 
rate, weaken their immune system and resistance to diseases and, eventually result 
in massive mortalities (Iwama et al., 1997, Bianca, 2008). Glycogen reserves in the 
hepatocytes (liver cells) serve as a primary source of energy utilized by fish during 
these emergency stress situations, releasing it to the blood as glucose (Enes et al., 
2009; Harper & Wolf, 2009). Concurrently, the amount of glycogen reserves in the 
liver decreases with increasing plasma glucose concentration (Munawar et al., 
1989). 
Glycogen storage gets depleted when fish are exposed to toxicants, or subjected to 
anoxia and starvation (Ince & Thorpe, 1976; Padmavathy & Ramanathan, 2010; 
Javed & Usmani, 2015). Ince and Thorpe (1976), evaluated the effects of starving 
and refeeding of the Northern pike (Esox lucius) and found a significant reduction in 
blood glucose concentration, liver and muscle glycogen content after the fish were 
starved for 3 months. During the starvation period, the metabolic needs of the fish 
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were served by the hepatic lipid and glycogen reserves. These biochemical 
indicators completely recovered immediately after the fish were subjected to feed 
again. Similar results were observed by Blasco et al. (1992) and Barcellos et al. 
(2010) in C. carpio after a prolonged starvation period of two months and 12 days of 
refeeding. Barcellos et al. (2010) also reported the reduction of liver glycogen 
content in Rhamdia quelen starved for 21 days and an increase after two days of 
refeeding. Padmavathy & Ramanathan (2010) performed an experiment assessing 
the effects of anaerobic metabolism on blood glucose, liver and muscle glycogen of 
O. mossambicus under decreasing oxygen concentrations (5.20 to 1.58 mg/L) for 
two hours. All the tested parameters were significantly reduced under the oxygen 
level of 5.20 mg/L and further reduced when the fish were exposed to 1.58 mg/L 
(Padmavathy & Ramanathan, 2010). When African catfish (C. gariepinus) was 
exposed to sublethal levels of paraquat (0.30, 0.15 and 0.00 mg/L) for 8 weeks, 
there was significant decrease in liver and muscle tissues with increasing levels of 
the toxicant while the plasma glucose was directly proportional to the increasing 
concentration of paraquat due to stress (Kori-Siakpere et al., 2007). Similar results 
were observed in fresh water fish, Catla catla that was exposed in heavy metal 
toxicant, cadmium chloride for 96 hours (Sobha et al., 2007).  
Fish respond to stress conditions in different ways and their responses are 
categorised into primary, secondary and tertiary response (Barton & Iwama, 1991). 
During the primary response, fish release stress hormones - namely cortisol and 
catecholamines (adrenaline and epinephrine) into the blood stream (Barton, 2002). 
The secondary response occurs as a result of the primary response (Barton & 
Iwama, 1991), causing the metabolic pathway to release a considerable amount of 
energy which is normally related to glycogen catabolism (Rottmann et al., 1992; 
Barton & Iwama, 1991) and tissue structural alterations (Begg & Pankhurst, 2004). 
The tertiary response of fish to stressful conditions is characterised by changes in 
behaviour and physiology, including stunted growth, lowered resistance to diseases 
and appetite suppression (Barton, 2002). Consequently, stress in fish causes slow 
growth rate, susceptibility to diseases and eventually mortalities. Therefore, it is 
important to evaluate blood parameters which are confirmed indicators of stress and 
fish health.  
37 
 
Blood analysis can reveal the health status of the fish prior to any apparent signs of 
stress or health deterioration. Haematological variables (such as leukocytes, 
erythrocytes and glucose) have been used to monitor physiological changes in fish 
health (Schutt et al., 1997). Hence the aim of this study is to investigate the effect of 
unconventional feed additives, such as selected yeast, algae as well as commercial 
herbal extracts on the health status of P. commersonnii. 
 
Materials and methods 
 
Experimental design 
See Chapter 2 materials and methods, since tissue and blood samples analysed and 
discussed here originated from the fish in the feeding experiment described in 
chapter 2. That is, from juvenile P. commersonnii that were fed different diets for a 
period of 12 weeks (See dietary formulation in Table 1). 
Histological preparation and analysis 
After 12 weeks of a feeding trial, three fish per tank (i.e. nine fish for supplemented 
treatments and six fish for the control) were randomly sampled and sacrificed to 
assess histomorphological alterations induced by the feed. The sampled fish were 
euthanized with a dose of clove oil, weighed to the nearest gram and measured to 
the nearest millimetre. 
The fish were dissected by cutting the ventral abdomen and the attached visceral fat 
and connective tissue as well as intestinal content were carefully removed. The distal 
intestine (DI), was cut longitudinally and fixed in 10% buffered formalin immediately 
after dissection, for 24 hours before being processed for histology. All the formalin 
fixed DI tissue samples were routinely dehydrated in ethanol, equilibrated in xylene 
and embedded in paraffin according to standard histological techniques. Sections of 
approximately 5–8 μm thickness were cut using microtome instrument (Leica 
RM2165, Germany) and stained with haematoxylin and eosin (HE). The DI tissue 
samples were sectioned longitudinally (i.e. perpendicular to the macroscopically 
visible folds). Processing of the tissues was conducted at the DAFF histology 
laboratory in Foretrust building (Cape Town, South Africa). Histological examination 
38 
 
was performed with a Zeiss light microscope; tissue morphology was evaluated 
using a semi-quantitative scoring system proposed by Uran et al. (2008). Evaluated 
tissue parameters consisted of: 
• Intestinal fold height and width 
• Enterocyte supra nuclear vacuolization 
• Lamina propria thickness status of intestinal villi 
• Cellular infiltration in the lamina propria and submucosa 
• Number of goblet cells. 
The criterion for scoring normal and enteritis status is based on assigning a number 
depending on severity of intestinal pathological alterations. Scores from 1 to 2 were 
considered as normal histology while scores that ranged from 3 to 5 represented 
significant, well established and distinguished enteritis, respectively.  
 
Hepatosomatic and visceral fat index 
The visceral fat of the euthanized fish was carefully removed, weighed and 
discarded, while the liver was weighed and later used to determine glycogen 
analysis content of the fish. 
Hepatosomatic index (HSI, %) was determined using Equation 1: 
HSI (%) = WL x (WF)-1 x 100    (1) 
where, WL stands for the liver weight (grams) and WF represents the weight of the 
eviscerated fish (grams). 
Visceral fat index (VFI, %) was calculated using Equation 2: 
VFI (%) = WVF x (WF)-1 x 100    (2) 
where, WVF stand for the weight of the visceral fats (grams) and WF represents the 






Haematology and Liver Glycogen preparation and analysis 
Blood glucose  
A blood sample was drawn from the caudal vein of each sampled fish (n = 3 per 
supplemented treatment and n = 2 for the control) with a 22 gauge, 1.5 inch needle 
into 3.0 cc syringes and immediately a drop of blood was applied to an Accu-check 
Active® test strip sensor that was inserted into an Accu-check Active® blood glucose 
meter (Roche Diagnostic, Germany) to obtain blood glucose concentration reading in 
millimoles per litre (mmol/L). Blood samples were taken in all the sampled fish, 
before the liver was removed and weighed. 
Liver glycogen  
The liver was removed immediately post-euthanasia and frozen in liquid nitrogen (-
195ºC) for eventual glycogen analysis which was carried out using methods 
described by Bennett et al. (2007) and Rasouli et al. (2014).  
Approximately 0,270 g of liver sample was homogenized in 2 mL of 10% perchloric 
acid (HClO4) at 30 x 1000 rpm using a Polytron® dispensing and mixing machine 
(PT-MR 2100, Kinematica AG, Switzerland). The samples were allowed to stand on 
ice for 1 h and thereafter centrifuged at 280 x g for 17 min in a Hettich® centrifuge (D-
78532, Germany). Five hundred µL of supernatant (with glycogen in suspension) 
was transferred to a 1.5 mL micro centrifuge tube and the glycogen present in the 
supernatant was precipitated by adding 600 µL of 96% ethanol. The supernatant was 
then centrifuged for 10 minutes at 1700 x g in a Prism R® centrifuge (Labnet 
International, Inc., NJ USA). The supernatant was decanted and the remaining 
excess supernatant was carefully removed with a 200 µL pipet. The resulting pellet 
(sample) was reconstituted in 1 mL of deionized water and incubated at 50ºC for 5 
minutes in AccublockTM digital dry bath (Model: D1200, Labnet International Inc., NJ 
USA). 
The phenol-sulphuric acid glycogen analysis method was conducted by adding 10 µL 
of each respective sample (10 µL of deionised water was used as a blank sample), 
40 µL of 6.5% phenol solution and 200 µL of concentrated sulphuric acid to a Uv-
star® 96-well polystyrene microplate (Greiner Bio-One®, Germany). The resulting 
mixture was allowed to stand for 5 minutes before the absorbance of the solution 
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was recorded using a 96 micro-titre spectrophotometer (Epoch BioTek®, USA) at a 
wavelength of 492 nm. Absorbance readings were converted to glycogen 
concentrations using a standard curve prepared with oyster glycogen (Sigma 
Chemical, USA). 
Statistical analysis 
All values are represented as mean ± standard error; n = 3 for the supplemented 
diets and n = 2 for the control group. Treatment means were compared with one-way 
analysis of variance (ANOVA). If there was any significant difference (p < 0.05) 
detected a Tukey multiple range was performed. A non-parametric Kruskal-Wallis 
test was used to compare means between treatments at p < 0.05 if the data did not 
meet the assumptions of ANOVA (Shapiro-Wilk’s test for normality of the residuals 
and Levene’s test for homogeneity of variance). All statistical analyses were carried 




Hepatosomatic index (HSI) 
The mean HSI of fish were significantly different after 12 weeks of feeding different 
diets (ANOVA: F (6, 53) = 3.75, p =0.004). Fish fed with Ulva and LIV-UP® containing 
diets had the higher HSI values of 1.42 ± 0.19 and 1.30 ± 0.12%, respectively, when 
compared to other diets (Figure 9, Table 5). The UNP PB-20® fed fish had the lowest 
HSI value (1.07 ± 0.10%) while the HSI values for fish fed on torula, Spirulina, 
brewer’s yeast and the control ranged from 1.10 ± 0.13 for control group to 1.18 ± 
0.22% for C. utilis fed group.  
41 
 

















Figure 9: Hepatosomatic index (%) of P. commersonnii (n = 3 per supplemented 
treatment and n = 2 for the control group) fed different diets for a period of 12 weeks. 
Data represented as Mean ± S.E. 
 
Visceral Fat Index 
No significant difference was observed in VFI of spotted grunter juveniles fed with 
different diets (F (6, 53) = 1.88, p =0.10; Figure 10, Table 5). The mean VFI was higher 
in fish fed on brewer’s yeast, Spirulina, LIV-UP® and UNP PB-20® containing diets 
compared to the control. Fish fed on brewer’s yeast diet showed the highest VFI 
value (4.74 ± 0.79%) and the VFI values for Spirulina, LIV-UP® and UNP PB-20® fed 
fish ranged from 4.62 ± 0.78 to 4.72 ± 0.69% for fish fed on UNP PB-20® and 
Spirulina, respectively - with an intermediate value for fish fed on LIV-UP® (Figure 
10). Fish fed on Ulva and torula had a similar mean VFI value (4.14%) which was 
fairly close to the lowest VFI value of 3.47 ± 0.85% that was observed on the control 
(Figure 10, Table 5).  
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Figure 10: Visceral fat index (VFI, %) of P. commersonnii (n = 3 per supplemented 
treatment and n = 2 for the control group) fed different diets for a period of 12 weeks. 
Data represented as Mean ± S.E. 
 
Blood glucose 
A blood sample was drawn from six of the sampled fish per treatment. Blood glucose 
concentration of P. commersonnii was significantly affected by supplemented diets 
(F (6, 33) = 7.63, p = 0.00003; Figure 11, Table 5). Fish fed on torula yeast containing 
diet was significantly different from all other diets except for Spirulina containing diet 
(P = 0.94). The highest mean blood glucose levels (5.59 ± 0.55 mmol/L) was 
observed for fish fed on torula containing diets. Fish fed on Spirulina supplemented 
diet also attained higher mean blood glucose of 5.20 ± 0.24 mmol/L although it did 
not differ significantly from that of fish fed on torula yeast. Fish fed on LIV-UP® and 
UNP PB-20® had a similar mean concentration of blood glucose (3.87 mmol/L). The 
group of fish fed on brewer’s yeast had the lowest mean glucose level of 3.55 ± 0.80 
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mmol/L. Fish fed on Ulva and control diet had mean blood glucose levels of 3.95 ± 
0.70 and 3.62 ± 0.74 mmol/L, respectively.  




























Figure 11: Blood glucose (mmol/L) of P. commersonnii (n = 3 per supplemented 
treatment and n = 2 for the control group) fed different diets for a period of 12 weeks. 
Data represented as Mean ± S.E. 
 
Liver glycogen 
The samples were analysed in triplicate to determine glycogen content. The mean 
liver glycogen of fish fed on UNP PB-20® was significantly lower (65.94 ± 2.94 mg/g, 
p < 0.00001) when compared to other treatments (ANOVA: F (6, 53) =8.78, p < 
0.00001; Figure 12, Table 5). The torula yeast containing diet significantly increased 
glycogen deposition resulting with the highest storage of 126.41 ± 6.87 mg/g which 
was almost equal to that of fish fed on Ulva diet (124.75 ± 9.22 mg/g). The glycogen 
content of fish fed on the control, brewer’s yeast, Spirulina and LIV-UP® was found to 
be 118 ± 6.08, 114.45 ± 13.64, 99.11 ± 8.44 and 95.80 ± 7.92 mg/g, respectively 
(Figure 12, Table 5). 
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Figure 12: Liver glycogen (mg/g) of P. commersonnii (n = 3 per supplemented 
treatment and n = 2 for the control) fed different diets for a period of 12 weeks. Data 









Table 5: Hepatosomatic index, visceral fat index, blood glucose and glycogen content of P. commersonnii fed different diets for a 
period of 12 weeks (n = 3 per supplemented treatment and n = 2 for the control). 
Parameters Diets 




1.17 ± 0.09 
 
1.42 ± 0.19* 
 
1.18 ± 0.22  
 
1.12 ± 0.07* 
 
1.30 ± 0.12 
 
1.07 ± 0.10** 
 






4.72 ± 0.69 
5.20 ± 0.24* 
 
99.11 ± 8.44*** 
 
4.14 ± 1.19 
3.95 ± 0.70 
 
124.75 ± 9.22** 
4.14 ± 1.29 
5.59 ± 0.55* 
 
126.41 ± 6.87*** 
4.74 ± 0.79 
3.55 ± 0.80** 
 
114.45 ± 13.64** 
4.68 ± 0.95 
3.87 ± 0.83 
 
95.80 ± 7.92* 
4.62 ± 0.78 
3.87 ± 0.86 
 
65.94 ± 2.94*** 
3.47 ± 0.85 
3.62 ± 0.74** 
 
118 ± 6.08** 
ANOVA followed by Tukey’s D-test was used to compare means between treatments at p = 0.05. Footnotes: *significantly different 




Intestinal Histology  
Figure 13 illustrates the detailed normal intestinal mucosa (gut morphology) in 
spotted grunter (control diet) whereas Figure 14 (Ulva) illustrates histological 
alterations after the feeding trial. The intestinal histology of the control treatment did 
not show any alterations while for fish fed on Spirulina, LIV-UP® and UNP PB-20® 
distinguished themselves with complex mucosal fold, enteritis and increased number 
of goblet cells, respectively (Figure 15 A-C).  
Figure 13: Distal intestinal mucosa in P. commersonnii fed on the control diet 
showing normal intestinal villi:  MF, mucosal folds; LP, lamina propria; EV, 
enterocyte vacuoles; IEL, intraepithelial lymphocytes; GC, goblet cells; SM, 
submucosa (hematoxylin and eosin, x10). 
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Figure 14: Distal intestinal mucosa in P. commersonnii fed on Ulva showing some 
pathological alterations. RM, reduction of mucosal fold height; WL, widened lamina 
propria; IS, increased submucosa; MFF, intense mucosal folds fusion; IEL, 




























Figure 15: Morphological alteration of distal intestinal mucosa in P. commersonnii 
observed (hamotoxylin and eosin, 10x): (A) Spirulina supplemented diet: CMF, 
complex (branched) mucosal folds can be seen; (B) LIV-UP® supplemented diet: LP, 
widened lamina propria can be noted and (C) UNP PB-20® supplemented diet: RM, 
reduction in height of the mucosal folds and GC, increased frequency of goblet cells 
can be noted. 
 
 
Distal mucosal fold height and width: The mucosal fold height and width observed 
in most treatments did not indicate any noteworthy enteritis and were consistent 
except for fish fed on UNP PB-20® which showed a remarkable reduction of mucosal 
fold height (Figure 15 C). Spotted grunter juveniles fed on Spirulina (Figure 15 A) 
and S. cerevisiae containing diet (Figure 16) clearly distinguished themselves from 






Figure 16: The distal intestinal mucosa that was observed in P. commersonnii fed 
on brewer’s yeast (hematoxylin and eosin, x10). 
Enterocyte vacuoles: Generally, fish fed on supplemented diets showed high 
(normal) enterocyte vacuoles except for fish fed on Ulva, LIV-UP® (Figure 15 B) and 
UNP PB-20® (Figure 15 C) where the decreased vacuole size was evident when 
compared to the control.  A similar trend of results was observed for enterocyte 
nucleus position.  In most diets, the nucleus was often pushed towards the base of 





Figure 17: Morphological alteration of distal intestinal mucosa of P. commersonnii 
fed on torula yeast (A): LP, widened lamina propria, DG, densely grouped goblet 
cells and IEL, intracellular lymphocytes can be noted in fish fed torula yeast diet 
(hematoxylin and eosin, x10); (B): DV, diminishing absorptive vacuoles, IEL, 
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intraepithelial lymphocytes and LP widened lamina propria (hematoxylin and eosin, 
x10).   
Lamina propria width: An increased lamina propria width was observed for fish fed 
on most supplemented treatments while a thin lamina propria made up of single or 
double cells was observed in response to the control and Spirulina containing diets. 
The distal intestine of fish fed on Ulva, brewer’s yeast, torula, LIV-UP® and UNP PB-
20® containing diets exhibited a distinctive widening of the lamina propria when 
compared to the control. The lamina propria observed on fish fed S. cerevisiae diet 
had a moderately increased width (Figure 16) when compared to the control. 
Submucosa width: A wider submucosa was observed for fish fed on torula yeast 
and brewer’s yeast test diets (Figure 17A and 16) when compared to the other diets. 
Fish fed on Ulva (Figure 18), LIV-UP® and UNP PB-20® (Figure 15C) had a thin 
submucosa when compared to the control. No effect was observed for fish fed on 
Spirulina containing diet (Figure 15A). The submucosa width of fish that fed on 
Spirulina diet did not deviate from those of the control and exhibited close to normal 
size of the submucosa width when compared to the rest of the treatments. 
Goblet cells: The addition of torula yeast, UNP PB-20® and Ulva (Figure 18) in fish 
diets increased the frequency of goblet cells when compared to the control. A fairly 
low number of goblet cells was observed on fish that fed on Spirulina, brewer’s 




Figure 18: Morphological alteration of distal intestinal mucosa of P. commersonnii 
















Hepatosomatic index and visceral fat index 
Visceral fat is regarded as a good indicator of poor nutrient utilization and health 
status related to fish nutrition (Wang et al., 2005). The visceral fat becomes easily 
rancid at post-harvest as a result of its unpleasant odour making fish products to be 
undesirable for consumer’s acceptance (Love, 1992; Kabahenda et al., 2009), thus 
reducing the commercial value of final products by affecting fish yield, product quality 
(Wang et al., 2005; Kabahenda et al., 2009) and storage stability (Webster et al., 
2004). The VFI of fish fed on C. utilis and U. lactuca containing diets was relatively 
low when compared to other treatments after a feeding period of 12 weeks. In 
contrast, a drastic increase in VFI on fish fed S. cerevisiae, S. platensis, LIV-UP® as 
well as UNP PB-20® supplemented diets was observed. The seaweed, U. lactuca is 
highly rich in ascorbic acid which plays a significant role in emulsification of fats 
(Ortiz et al., 2006). Therefore, the reduced VFI observed in fish fed on Ulva might be 
attributed to the high content of vitamin C that is present in seaweed. Fats are the 
primary form of energy storage in fish and fish feed to meet their energy 
requirements. However, excess fat accumulation in fish can reduce carcass yield 
and can negatively influence the health status of fish (Otwell & Rickards, 1981). In 
this study, all the diets contained the same lipid levels and differed only in tested 
ingredients. Therefore, the observed increased VFI could suggest that in future 
studies, dietary lipid inclusion may be reduced in supplemented fish diets; and this, 
then could also reduce the production cost of commercial diets. 
The HSI is sensitive to nutritional conditions and highly associated with energy 
storage and fish condition (Lambert & Dutil, 1997; Yong et al., 2015). Liver is the 
primary site of fat and glycogen deposition (Peres & Oliva-Teles, 1999; Chatzifotis et 
al., 2010). Peres and Oliva-Teles (1999) reported that HSI corresponds with dietary 
levels of carbohydrates and hepatic glycogen content. The results of the present 
study show that, fish fed on plant-based feed additive (i.e. Ulva) had significantly 
increased HSI value when compared to the fish that fed on other diets. The Ulva has 
high content of carbohydrates (Ortiz et al., 2006, Khairy & El-Shafay, 2013; 
Anuradha et al., 2015). Excess carbohydrates get deposited in the liver as fat and 
consequently increase energy content. Therefore, a significant increase observed in 
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HSI of fish fed on Ulva could be attributed to excess energy from the feed additive 
(Ulva) that accumulated into the liver. These results compare favourably with the 
findings of Ighwela et al. (2014) and Li et al. (2016) who found that VFI and HSI 
increased with increase in carbohydrate levels. 
Blood glucose and glycogen 
Blood glucose concentration is a biochemical indicator of environmental stress, 
health condition and dietary deficiency in fish (Silbergeld, 1974; Hemre et al., 1996; 
Barton, 2002).  Blood glucose levels are also affected by external and internal 
environmental factors which includes seasons (Coban & Sen, 2001; Patriche, 2009), 
reproductive activities, fish nutritional state (Bianca, 2008) and presence of diseases 
(Wenderlaar-Bonga, 1997). The addition of torula yeast significantly increased the 
blood glucose concentration compared to the control. However, there was no 
significant difference observed in blood glucose levels of P. commersonnii fed on 
Ulva, brewer’s yeast, LIV-UP®, UNP PB-20® and the control. Coban and Sen (2011) 
reported that blood glucose level increases when fish are under stress and make use 
of the glycogen reserved in the muscles and liver. In the current study, the fish were 
stocked at a density of 15 fish per tank in all the replicates to avoid overstocking, fish 
were fed regularly (twice a day at 3.6% of their body weight) and water quality 
parameters (temperature, pH and dissolve oxygen) were the same in all the tanks. 
Therefore, high glucose observed in fish fed with torula yeast diets cannot be 
attributed to common stressors. It is more likely that torula yeast containing diet 
contained more glucose than other diets in the form glucan. This possibility conforms 
to the results previously obtained by Salnur et al. (2009). The yeast cell walls contain 
glucan which is a polysaccharide that consists of glucose. These results suggest that 
the observed glucose increase in spotted grunter fed on torula yeast diet might be 
attributed to presence of glucose units from the yeast diet.  
Glycogen deposition in fish livers was also affected (p < 0.00001) by different diets in 
the current study. The results of the study demonstrated that fish fed on Spirulina, 
LIV-UP® and UNP PB-20® containing diets were significantly lower than the control 
while fish fed on the Ulva, torula and brewer’s yeast did not differ significantly from 
the control. The glycogen content of the fish fed on torula and Ulva was higher than 
that of the control group. Fish fed on UNP PB-20® has a significantly low glycogen 
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content than all the diets. The glycogen content is affected by physical, chemical and 
biological factors (Coban & Sen, 2011). The findings of the study suggest that during 
the experiment most fish stored adequate glycogen in the liver which suggests that 
they were not negatively affected by different diets. The UNP PB-20® containing diet 
did not provide adequate carbohydrate energy and consequently fish were unable to 
reserve enough glycogen in their liver. However, lipid reserves can serve as 
alternative energy resource as a relative high VFI was measured for the fish fed this 
dietary supplement. 
 
Intestinal histological examination 
Regarding the morphological aspect of the intestine, it was observed that fish fed 
diets supplemented with plant-based protein (U. lactuca) and growth promoters (LIV-
UP® UNP PB-20®) showed that fish had intestinal enteritis to some extent in the 
distal intestine, characterised by shortening of mucosal folds, increased number of 
goblet cells, widening of lamina propria and alteration in the amount of vacuolization. 
Similar to the results of the present study, previous investigations with Nile tilapia (O. 
niloticus; Silva et al., 2015) and gilthead seabream (S. aurata; Cerezuela et al., 
2012) shows that seaweed (Gracilaria, Porphyra and Ulva) and Bacillus 
amyloliquefaciens supplementation led to evident changes in fish intestinal 
morphology with reduction in the length of mucosal folds. On the contrary, previous 
studies with rainbow trout (Oncorhynchus mykiss; Heidarieh et al., 2013) have 
shown that algal bioactive compounds and dietary Aloe vera can modulate rainbow 
trout digestive system morphology by increasing the microvilli length in order to 
improve nutrient absorption from the feed. Moreover, Emire et al. (2013) and De 
Oliveira et al. (2009) reported that seaweeds and plants contain anti-nutritional 
factors (which include lectins, protease inhibitors, allergens, tannins and toxins) 
which can hamper fish growth due to reduced nutritional quality. Our findings 
suggest that the morphological alterations of spotted grunter might be attributed to 
the presence of saponins in plant-based proteins that a carnivorous fish species is 
not able to digest. 
The intestinal histology of fish fed on brewer’s yeast supplemented diet had high 
density and length of intestinal villi. These results are consistent with the findings of 
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Gatesoupe (2007) who reported that brewer’s yeast enhanced the length and density 
of the intestinal folds resulting in improved feed digestion and absorption. The 
improved intestinal villi observed in the gut of fish fed on S. cerevisiae could also be 
attributed to the beneficial effects of nucleic acid and mannan oligosaccharide (MOS) 
present in yeast. According to Li et al. (2007), yeasts have high content of nucleic 
acids which plays a significant role in improving mucosal surface and gastrointestinal 
microbiota. Additionally, Dimitrouglou et al. (2009) also argues that the MOS present 
in yeast cell walls helps to modulate intestinal microflora and also increases of 
density of intestinal villi. Torrecillas et al. (2013), later confirmed that the addition of 
MOS in European sea bass (Dicentrarchus labrax) diets had a positive influence on 
the gut epithelial integrity and functionality after 8 weeks feeding. Similar results 
were also reported by Denji et al., (2015) after feeding rainbow trout with dietary 
MOS for 60 days. Therefore, the results of the current study confirm that brewer’s 





















             
THE EFFECT OF REPLACING FISHMEAL WITH GRADED LEVELS OF TORULA 
YEAST (C. UTILIS) ON GROWTH PERFORMANCE AND HEALTH OF SPOTTED 




Fishmeal is a limited feed resource and concerns about its future availability could 
facilitate the incorporation of feed in fish diets (Naylor et al., 2009). In aquaculture, it 
is important to supplement feed with feed additives in order to address nutritional 
requirements of the culture species for enhanced growth and production. In order to 
ensure normal growth and physiological functions, feed supplements in fish diets 
must provide adequate proteins, lipids, energy, vitamins, and minerals (Nakagawa, 
2010). Therefore, the evaluation of cost-effective alternative protein sources to 
fishmeal is the research priority for aquaculture nutritionists.  
Yeast is one such feed supplement that has been widely used in fish diets. The 
yeasts are also considered as a cost-effective dietary supplement as they can be 
easily produced in industries (Schulz & Oslage, 1976). In aquaculture, yeasts have 
been shown to promote growth performance in tilapia, O. mossambicus, Nile tilapia, 
O.  niloticus, rainbow trout, O. mykiss, African catfish, C. gariepinus and common 
carp, C. carpio (Oliva-Teles & Gonҫalves, 2001; Pooramini et al., 2009; Bob-Manuel, 
2014; Manoppo & Kolopita, 2016), counteract intestinal inflammation induced by 
experimental diets (soybean meal) (Grammes et al., 2003), promote diseases 
resistance when fish are challenged with a pathogen (Abu-Elala et al., 2013) and 
improves intestinal integrity (Dimitroglou et al., 2009; Abu-Elala et al., 2013). The 
mannan oligosaccharide (MOS) present in yeast can prevent bacterial communities 
in the gut by agglutination and to regulate intestinal microbiota which eventually 
improves intestinal absorptive area. Due to these reasons, when yeasts are provided 
at graded levels they can positively affect host health and growth rate (Myers, 2007). 
Few studies have focused on the potential of supplementing yeast as a feed additive 
in fish diets. Consequently, there is no literature on the use of yeasts as a 
replacement for fish meal in spotted grunter diets. Torula yeast has been used in few 
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studies with carnivorous and herbivorous fish species (Atlantic salmon and tilapia) as 
a protein source (Olvera-Novoa et al., 2002; Øverland et al., 2013) with promising 
results. The authors reported that 30% of C. utilis increased the growth performance 
of O. mossambicus after 63 days of feeding. Similarly, Øverland et al., 2013 reported 
that among other dietary yeasts, torula yeast is a promising protein source for 
Atlantic salmon after a feeding trial of 89 days. Siwicki et al., (1994) also showed that 
C. utilis supplemented diets can result in immunostimulation and protection against 
pathogens such as Aeromonas salmonicida in rainbow trout. Hence, the aim of the 
present experiment was to evaluate the effects of replacing fish meal with increasing 
levels of torula yeast (C. utilis) in the diets of P. commersonnii on growth 
performance, whole body composition and health status of fish. 
 
Materials and methods 
 
Experimental system  
The experimental system described in Chapter 2 was used during this study: 465 L 
per tank with a sea water flow rate of 540 L/h, aeration and water temperature of 24 - 
25ºC. 
Experimental fish  
Captive bred spotted grunter juveniles of approximately 0.99 g were acclimated in 
the same experimental tanks described in Chapter 2, at the DAFF Marine Research 
Aquarium in Sea Point (Cape Town) for three weeks. During acclimation the fish 
were fed an imported feed: 200-500 µm pellets (59% protein; 14% lipid; Skretting 
GEMMA Micro 300, Italy), followed by the commercial trout meal (45% fish meal 
protein; 14% lipid; Aquanutro, Nutroscience Pty Ltd, South Africa) to apparent 
satiation, four times a day. 
 
Stocking density and acclimation 
Two weeks before commencement of the experiment, a group of 270 fingerlings of 
spotted grunter weighing 1.23 ± 0.3 g (mean ± standard error) were randomly 
stocked in 18 tanks (i.e. three replicates per treatment) at a density of 15 fish per 
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tank. The juveniles were fed trout meal twice a day at 09h00 and 15h00 at a 
maximum of 3.6% of their body weight per day, to condition them for the 
experimental feeding program.  
After the acclimation period, all the experimental fish were purged for 24 hours prior 
to the feeding trial for gastric evacuation, anesthetized with 2-phenoxyethanol (Merck 
laboratories, Johannesburg) at 0.2 mL/L, weighed to the nearest gram and standard 
length was measured to the nearest millimeter. The experimental period was set for 
8 weeks and the morphometric data was recorded after every seven days. 
 
Experimental diets 
The torula yeast was obtained from a local market (Nature’s Choice, Johannesburg) 
Experimental diets were formulated to contain 0.0 (control), 4, 8, 12, 16 and 20% of 
torula yeast. The formulation and proximate composition of the diets are presented in 
Table 6. The predetermined yeast quota was mixed with the basal composition (fish 
meal and vitamin/mineral premix) prior to mixing thoroughly with enough water to 
produce a homogeneous dough. The paste was oven-dried at 38ºC for 16 hours in 
the laboratory and the feed was ground using an adjustable corn kernel hand grinder 
into desirable particle sizes. The feed was packed in sealed plastic bags and kept at 
-20°C for further use during the experiment. Prior to feeding, the pellets were coated 
with cod liver oil at 10% of the ration (m:v).  
Each of the formulated diets (Table 6) were fed to three replicates per treatment 










Table 6: Formulation and chemical composition of experimental diets. 
Ingredients (%) Diets 
Yeast 0% Yeast 4% Yeast 8% Yeast 12% Yeast 16% Yeast 20% 
Fish meal1 81.95 77.95 73.95 69.95 65.95 61.95 
Torula yeast2 - 4 8 12 16 20 
Binder 7 7 7 7 7 7 
Premix3 (Min/Vit mix) 1.05 1.05 1.05 1.05 1.05 1.05 
Cod liver oil4 10 10 10 10 10 10 
Diet proximate composition  
Crude protein 49.7 50.1 49.7 49.8 49.8 49.5 
Crude Fat 15.3 15.1 14.9 14.8 15.6 15.3 
Ash 0.81 0.81 0.76 0.82 0.8 0.89 
Moisture 10.2 
 
11.4 11.1 10.4 10.6 9.7 
1Aquanutro (Pty) Ltd, 5 Aqua Crescent, Malmesbury, South Africa 
2Nature’s Choice, Meyerton, Cape Town, South Africa 
3Kyron Laboratories (Pty) Ltd, Benrose, Johannesburg, South Africa 
4Alpha Pharmaceuticals, Mayville, Durban, South Africa 
 
Data collection for growth performance, proximate analysis and health status were 
measured as described in Chapter 2 and 3 respectively. 
 
Water quality parameters 
Water quality parameters were measured as per methods described in Chapter 2. 
The dissolved oxygen in the tanks was maintained at 6.5 ± 0.2 mg/L. Total ammonia-
nitrogen (ammonia and ammonium) ranged between 0.00 to 0.25 mg/L and the 
water pH ranged between 7.7 and 7.9. The water salinity remained at approximately 
35 mg/L throughout the feeding trial. 








The results obtained for growth performance and diet utilization during the spotted 
grunter feeding trial are summarized in Table 7. All the yeast supplemented diets 
were readily accepted by fish and no mortalities were observed during the feeding 
period. The data presented in Table 7 indicates that there was no significant 
difference on the initial weight of fish with overall average means of 1.53 ± 0.34 g (F 
(5, 12) = 1.65, p = 0.22), length 3.79 ± 0.25 mm (F (5, 12) = 1.59, p = 0.24) and condition 
factor 2.74 ± 0.54 (F (5, 12) = 1.25, p = 0.35).  
Dietary yeast inclusions did not significantly improve weight gain (F (5, 42) = 1.08, p = 
0.38), SGR (F (5, 42) = 2.13, p = 0.08), final length (F (5, 42) = 2.00, p = 0.15) and 
condition factor (F (5, 42) = 0.89, p = 0.52), after the feeding period of 8 weeks 
(Figures 19 to 23). The weight gain of fish did not follow any trend among all 
treatments. However, all the fish fed with the successively increasing levels of yeast 
increased their average body weight gain when compared to the control (0% yeast 
diet) which had the lowest mean weight gain (3.75 ± 1.74 g). Fish fed with 16% yeast 
diet supported the highest average body weight gain of 5.07 ± 0.20 g compared to all 
other diets.  
Similarly, the condition factor of spotted grunter was not affected by increasing levels 
of torula yeast after the feeding trial (F (5, 12) = 0.89, p =0.52; Table 7 and Figure 21). 
There was a decreasing trend in condition factor of fish fed with different yeast 
levels, decreasing from 3.11 ± 0.06 for the non-supplemented diet to 2.88 ± 0.11 for 
the 12% yeast containing diet. An apparent trend of increase in the average SGR 
was observed ranging from 2.03 ± 0.42 for the control to 3.07 ± 0.44%/day for 12% 
yeast diet with increasing yeast levels (Table 7), although there was no significant 





Table 7: The weight, length, condition factor (CF), weight gain and specific growth rate (SGR) of P. commersonnii 
juveniles fed different diets over 8 weeks. Data given as mean ± standard error, n = 3 per treatment 
 Yeast 0% Yeast 4% Yeast 8% Yeast 12% Yeast 16% Yeast 20% F value p- value 
Initial weight (g) 1.19±0.06 1.52±0.47 1.83±0.02 1.34±0.26 1.65±0.34 1.65±0.34 F (5, 12) = 0.22 1.65 
Initial length (mm) 3.64±0.10 3.89±0.18 3.63±0.09 3.98±0.25 3.96±0.07 3.65±0.44 F (5, 12) = 1.59 0.24 
Initial CF 2.47±0.09 2.40±0.51 3.16±0.75 3.16±0.76 2.60±0.17 2.64±0.44 F (5, 12) = 1.25 0.35 
Weight gain (g) 3.75±0.23 4.85±1.24 4.38±0.54 4.38±0.89 5.07±0.20 4.72±0.13 F (5, 42) = 1.08 0.38 
Final length (mm) 5.75±0.39 6.21± 0.22 6.21±0.16 6.44±0.22 6.74±0.45 6.32±0.69  F (5, 12) = 2.00 0.15 
Final CF 3.11±0.06 3.00±0.15 3.01±0.21 2.88±0.11 3.00±0.08 2.93±0.19 F (5, 12) = 0.89 0.52 
Final weight 5.95±0.33 7.16±0.16 7.23±0.78 7.74±0.88 9.15±0.15 7.69±0.50 F (5, 12) = 1.18 0.37 
SGR (% body weight 
per day) 














Figure 19: Weight gain (g) of P. commersonnii (n = 3) fed diets with increasing 
levels of torula yeast for 56 days. Data represented in mean ± S.E.  
0 4 8 12 16 20




































Figure 20: Specific growth rate (%/day) of P. commersonnii (n = 3) fed diets with 
increasing levels of torula yeast 56 days. Data represented in mean ± S.E.  
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Figure 21: Condition factor (%) of P. commersonnii (n = 3) fed diets with increasing 
levels of torula yeast for 56 days. Data represented in mean ± S.E.  
 
After 56 days of feeding graded levels of yeast, there was no significant difference 
observed in final weight (F (5, 12) = 1.18, p = 0.37). However, there was an apparent 
trend of increase in the final weight ranging from 5.95 ± 0.33 for fish fed non-
supplemented diet to 9.15 ± 0.15 g for fish fed 16% yeast containing diet (Table 7 
and Figure 22). A comparative trend of average value fluctuations was observed in 
final length measurements, although there was no significant difference observed 

















Figure 22: Final weight (g) of P. commersonnii (n = 3) fed diets with increasing 














Figure 23: Final length (mm) of P. commersonnii (n = 3) fed diets with increasing 
levels of torula yeast for 56 days. Data represented in mean ± S.E.  
 
In general, FCR tended to improve with weight gain. Fish fed on 20% yeast 
supplemented diet supported the better feed conversion ratio, and the other yeast-
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containing diets had lower feed conversion ratios than the control. The best FCR 
was recorded for the diet containing 20% of yeast compared to the control (Table 8). 
Other yeast containing diets (i.e. 16, 4, 12 and 8%) also mediated lower FCR (i.e. 
1.14, 1.15, 1.18 and 1.19, respectively) when compared to the control (Table 8). The 
PER followed the same sequence as FCR where 16% yeast supplemented diet 
attained the highest PER when compared to control (Table 8). 
 
Table 8: Feed conversion ratio (FCR) and protein efficiency ratio (PER), of 
P. commersonnii fed with diets containing increasing levels of yeast for 56 days.  
 Yeast 0% Yeast 4% Yeast 8% Yeast 12% Yeast 16% Yeast 20% 
FCR 1.32 1.15 1.19 1.18 1.14 1.1 
PER 0.73 0.94 0.93 0.95 1.02 0.95 
 
 
Chemical composition of the fish 
 
At the end of the 56 days feeding trial, nine fish per treatment (i.e. three fish per 
replicate) were sacrificed for chemical analyses. The results of the chemical analysis 
of fish body at the end of the feeding period are shown in Table 9. The obtained 
results for the carcass composition showed that crude protein and fat were generally 
affected by the experimental diets compared to the control with an overall mean (± 
standard error) of 19.31 ± 0.33 (F (5, 12) = 201.15, p < 0.0001) and 7.21± 0.94% and 
(F (5, 12) = 428.43, p < 0.0001, Table 9), respectively. It was observed that carcass 
lipid content tended to decrease as the dietary protein level increases. Fish fed with 
4% yeast supplemented diet supported a significantly higher lipid content (8.21 ± 
0.19%) when compared to all the diets and those that were fed 20% of yeast 





Table 9: Proximate carcass composition of P. commersonnii fed with experimental 
diets (n = 3). Data represented in mean ± S.E. 
 Yeast 0% Yeast 4% Yeast 8% Yeast 12% Yeast 16% Yeast 20% 
Crude Protein 18.83±0.01 18.16±0.13 19.5±0.01   19.5±0.05 19.8±0.01 19.03±0.03 
Crude Fat 6.75±0.02 8.21±0.19 8.01 ±0.03 7.54 ±0.02 7.31 ±0.06 5.46 ± 0.02 
 
HSI, VFI and blood glucose 
 
After 56 days of feeding spotted grunter with graded levels of torula yeast there was 
no significant difference observed in HSI 1.63 ± 0.40% (F (5, 48) = 0.91, p = 0.49), VFI 
4.60 ± 1.20% (F (5, 48) = 0.86, p = 0.51) and blood glucose values 5.77 ± 1.06 mmol/L 
(F (5, 48) = 1.68, p = 0.16), (Figures 24 to 26). There was no specific trend observed 
after the feeding trial in HSI and blood glucose levels of spotted grunter, although the 
diets containing 8 and 16% of C. utilis exhibited the highest HSI (1.93 ± 0.82%) and 
blood glucose (6.71 ± 0.64 mmol/L), respectively (Table 10). The average VFI 
increased with increasing levels of torula yeast in the diets but the values were 











Figure 24: Hepatosomatic index (%) of P. commersonnii (n = 3) fed diets with 
increasing levels of torula yeast for 56 days. Data represented in mean ± S.E. 
 
0 4 8 12 16 20



























Figure 25: Visceral fat index (%) of P. commersonnii (n = 3) fed diets with increasing 











Figure 26: Blood glucose (mmol/l) of P. commersonnii (n = 3) fed diets with 
increasing levels of torula yeast for 56 days. Data represented in mean ± S.E. 
The data collected on liver glycogen levels indicated that the control group was 
significantly different (F (5, 48) = 33.96, p < 0.0001) from all other treatments except for 
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fish fed on 20% yeast containing diet (p = 0.53). Moreover, fish fed on 4 and 8%, as 
well as 12 and 16% C. utilis containing diets did not show any significant variation, p 
= 0.99 and p = 1.00, respectively. Glycogen content in the liver generally decreased 
with increasing levels of C. utilis. However, the diet containing 8% of C. utilis stored 
the highest liver glycogen content (74.19 ± 5.37 mg/g) compared to the liver storage 
values of all the treatments Figure 27. 
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Figure 27: Glycogen (mg/g) of P. commersonnii (n = 3) fed diets with increasing 








Table 10: Hepatosomatic index (%), visceral fat index (%), blood glucose (mmol/L) and glycogen content (mg/g) of 
P. commersonnii (n = 3 per treatment) fed diets with increasing levels of torula yeast for 56 days. Data represented in mean ± S.E.  
Parameters Diets  
Yeast 0% Yeast 4% Yeast 8% Yeast 12% Yeast 16% Yeast 20% 
HSI (%) 1.46 ± 0.38 1.57 ± 0.12 1.93 ± 0.82 1.63 ± 0.11 1.75 ± 0.35 1.46 ± 0.36 
VFI (%) 3.44 ± 1.28 4.25 ± 0.96 4.76 ± 1.59 4.85 ± 0.67 5.03 ± 1.62 5.27 ± 0.92 
Blood glucose 
(mmol/L) 
5.19 ± 0.49 6.04 ± 1.47 4.8 ± 0.48 5.74 ± 0.80 6.71 ± 0.64  6.13 ± 1.55 
Glycogen content 
(mg/g) 
57.82 ± 3.68 73.11 ± 1.96*** 74.19 ± 5.37*** 65.12 ± 4.86** 65.12 ± 1.18** 54.54 ± 1.01*** 
ANOVA followed by Tukey’s D-test was used to compare means between treatments at p = 0.05. Footnotes: *significantly different 







The histological examination of the distal intestine showed that all the fish fed on 
20% C. utilis containing diet exhibited well-established signs of intestinal enteritis 
characterised by reduced height of the intestinal folds, widening of the submucosa 
and lamina propria, increased frequency of goblet cells and diminishing absorptive 
vacuoles (Figure 28A). Fish fed 12 and 16% torula yeast included diets showed 
insignificant signs of enteritis in the distal intestine though the incidence of 
occurrence was not different from the control fish or the fish fed 4 and 8% yeast 
inclusion diets (Figure 28B). An increased mucosal fold height, decreased goblet cell 
frequency and high (normal) enterocyte vacuolisation was observed in fish fed the 
diet supplemented with 12 and 16% of torula yeast when compared to fish fed with 













Figure 28: Distal intestinal mucosa in P. commersonnii showing some 
histopathological alterations. (A): RM, reduction in mucosal fold height, WL, widened 
lamina propria; WS, widened submucosa; DV, diminishing absorptive vacuoles; GC, 
goblet cells (hematoxylin and eosin, 10x). (B): MF, elongated mucosal fold; LP, lamia 






The results of the present study show that the diet containing 16% yeast provided 
the best average values in terms of body weight and length gain than fish fed with 
the control diet, while diets with 8 and 12% yeast inclusion achieved a better 
condition factor and SGR respectively. However, no significant differences between 
these treatments were observed. The results of this work are in agreement with the 
work of Ovie & Eze (2014) in which, S. cerevisiae diets for catfish (C. gariepinus) did 
not affect the growth performance. Lee et al. (2000) evaluated the effects of 
supplementing the diets of Korean rockfish (Sebastes schlegeli) with Kluyveromyces 
fragilis, C. utilis and brewer’s yeast. There was no significant difference observed in 
growth performance and feed utilization of juvenile Korean rockfish when fed with 
yeast supplemented diets. These results also compare favourably with the work of 
Olvera-Novoa et al. (2002) where yeast based diet composition successfully 
replaced a portion of fishmeal in diets of O. mossambicus. Conversely to this, the 
growth performance of convict cichlid, Amatitlania nigrofasciata, significantly 
increased when fed a diet with 2% addition of yeast (Mohammadi et al., 2015). The 
growth performance of catfish (C. gariepinus), Nile tilapia (O. niloticus), three spot 
cichlid (Cichlasoma trimaculatum) and common carp, (Cyprinus carpio) were also 
not negatively affected by the inclusion of yeast in their diets (Lara-Flores et al., 
2003; Faramarzi et al., 2011; Bob-Manuel, 2014; Abdel-Tawwab, 2012; Mohammadi 
et al., 2016). The present study indicates that the replacement of fish meal with 16% 
of torula yeast can promote growth rate and feed utilization of spotted grunter. 
Further investigations are required to determine whether higher inclusion levels of 
yeast can replace fish meal in P. commersonnii. 
The 20% torula yeast inclusion improves FCR as indicated by the current study since 
the poorest FCR was determined in response to the yeast free diet (control). The 
supplementation of C. utilis yeast in fish diets enhanced the PER. Fish fed 16% 
yeast supplement diet had the highest PER while the lowest PER was observed in 
the control. The best FCR observed with yeast containing diets suggest that the 
supplementation of prebiotics enhanced feed utilization. The highest PER results 
indicate that addition of 16% yeast in fish diets can significantly improve protein 
utilization in spotted grunter. These findings are in agreement with Lara-Flores et al. 
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(2003) who found that supplementation of yeast to Nile tilapia diets enhanced diet 
and protein digestibility hence the better feed efficiency observed in yeast 
supplemented diets. Welker and Lim (2011) also reported that prebiotics utilization 
can improve nutrient absorption and utilization by fish. According to Wang and Xu 
(2006), feed utilization and digestion may be improved by intestinal bacteria that 
assist during the decomposition of nutrients providing the macro-organisms with 
physiological active materials. 
In the present study, the dietary supplementation of yeast significantly affected the 
body protein and fat contents. These results followed the same trend as those 
obtained by Abdel-Tawwab (2012) who found a significant difference in whole fish 
body lipid and protein content of fish fed graded levels of yeast. Contrary to these 
results Olvera-Novoa et al., (2002) and Mohammadi et al., (2016) did not find 
significant differences in whole body protein and lipid of O. mossambicus and 
C. trimaculatum fed different yeast levels. The alterations observed in body 
constituents such as protein and lipid could be associated with deposition rate in 
muscle, different growth and constituent synthesis rates (Fauconneau, 1984; Abdel-
Tawwab et al., 2006).  
Dietary supplementation did not have any significant effect on both the HSI and VFI 
of fish fed graded levels of torula yeast. The results obtained on the HSI did not 
follow any significant trend. However, fish fed on 8% yeast containing diet exhibited 
higher HSI when compared to other diets, whereas VFI values of spotted grunter 
increased with increasing yeast levels. These results are similar to the finding by 
Hauptman et al. (2014), who reported an increased visceral fat deposition and whole 
body lipid deposition in O. mykiss fed increasing levels of grain distillers dried yeast. 
Given that fat deposition can reduce seafood commercial value, fat accumulation 
observed in experimental fish implies that spotted grunter was unable to metabolize 
yeast effectively. These results also suggest that lipid inclusion in torula yeast fed 
spotted grunter may be reduced which will be a significant cost-effective advantage 
in the production of commercial feeds. Torula yeast therefore, may have lipid sparing 
effect when included in spotted grunter diets. 
The HSI is associated with the storage of energy in the liver and is also sensitive to 
the nutritional status of the fish (Pyle et al., 2005). Also, the CF can be used to 
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monitor the general fish condition (Van der Oost et al., 2003). According to Goede & 
Barton (1990), the CF decreases when energy reserve in fish is depleted or when 
fish are subjected to stress associated with nutrient availability. In this study, both the 
HSI and CF were not affected by dietary treatment and these results are supported 
by Hauptman et al. (2014) and Mohammadi et al. (2016) who did not observe any 
effect on HSI and CF in fish fed graded levels of yeast.  
On the other hand, no significant enhancement was observed in the blood glucose of 
fish fed different yeast levels, while liver glycogen content was significantly different. 
Yeast supplementation increased blood glucose to a maximum accumulation at 16% 
yeast containing diets compared to all other diets (Figure 26) while liver glycogen 
significantly decreased with increasing levels of yeast in fish diets.  Our results are 
inconsistent with the finding of Abdel-Tawwab, (2012) and Sanlur et al. (2009), who 
found that different yeast levels significantly increased blood glucose in Nile tilapia 
(O. niloticus) and gilthead sea bream (S. aurata). From the findings of the present 
study, it is evident that 16% yeast containing diet provided enough energy to 
increase blood glucose although the diet containing 8% yeast stored the highest 
content of glycogen in the liver. However, it is not known how the glycogen storage 
capacity of skeletal and heart muscle was affected by the yeast supplemented diets. 
The supplementation of fish diets with 20% torula yeast induced histological enteritis 
in the distal intestine. All the fish fed 20% containing yeast showed typical symptoms 
of intestinal inflammation. The reduction of intestinal folds with infiltration of 
leukocytes in the submucosa and lamina propria may explain inflammation when 
feeding 20% yeast supplemented diet because the membrane becomes more 
vulnerable to all possible inducers within the diet. These results are in contrast with a 
four-week feeding trial by Grammes et al., (2003) who reported that 20% C. utilis 
supplemented diets showed healthy intestines at the end of the trial with no signs of 
intestinal enteritis in Atlantic salmon (Salmor salar). Furthermore, the histological 
examination of the distal intestine demonstrated that, yeast significantly improved 
microvilli length of spotted grunter fed diet containing 12 and 16% of C. utilis yeast. 
Li et al., (2007) reported that the nucleic acids present in dietary yeasts can repair 
intestines, enhance mucosal gut flora, mucosal surface and increase the length of 
the intestinal tract. Therefore, these results suggest that torula yeast may substitute 
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a maximum of 16% in spotted grunter diets in order to improve the integrity of 


























             
CONCLUDING DISCUSSION 
 
The expansion of aquaculture production continues to put pressure on the 
sustainability of ocean fisheries. Consequently, fish meal production has been 
decreasing at an annual rate of 1.7% (FAO, 2012). This had led to the global 
increase in fish and fish meal prices which are negatively affecting aquaculture 
industries and fish farmers. Supplementation with feed additives has been an 
alternative source to enhance the quality of formulated fish diets in order to improve 
fish growth performance and health (Yilmaz & Cengiz, 2016). Thus, the aim of the 
current study was to investigate the effects of selected dietary algae, probiotics and 
commercial herbal additives in diets for juvenile Pomadasys commersonnii. The aim 
of the study was achieved by evaluating the effects of supplementing equal portions 
of dietary ingredients (that is, S. platensis, U. lactuca, C. utilis, S. cerevisiae, LIV-
UP® and UNP PB-20®) in the diets on growth, feed utilization proximate composition 
and health parameters in spotted grunter. 
The results of this study show that supplemented dietary ingredients in spotted 
grunter diets can significantly improve growth rate and feed efficiency compared to 
the non-supplemented diet (control). Amongst the supplemented dietary ingredients, 
C. utilis supported the best growth performance for fish. Nonetheless, in order to 
achieve maximum levels of yeast replacement, the health status of the fish must also 
be considered. For fish to remain healthy and maintain optimum growth for a long 
time, they require a nutritionally balanced diet (Craig & Helfrich, 2002). Therefore, it 
was suggested that a maximum replacement of 16% of C. utilis can be incorporated 
in spotted grunter diets without showing any apparent negative health effects. 
When analysing the results of the growth performance for spotted grunter fed with 
selected feed additives, fish growth was significantly high in fish fed with 
supplemented diets compared to the control (Chapter 2, Figure 4). The growth 
improvement indicates that the addition of feed additives enhanced nutrient 
utilization which was reflected in increased weight gain, SGR, PER, FCR and 
alleviated the effects of stress factors. Dietary supplementation with feed additives 
seems to provide adequate nutrients to enhance fish growth and stimulate appetite. 
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Furthermore, on the diet proximate composition point of view, the protein content in 
fish body (Chapter 2, Table 4) tended to decrease with increasing dietary protein 
concentration. These results confirm the findings by Hecht et al., 2003, who reported 
that spotted grunter has a maximum protein requirement of 50%. Protein is one of 
the essential nutritional constituents in fish diets to promote normal growth rate 
(Lovell, 1989). Fish fed on diets containing dietary protein ranging from 48 to 50% 
(torula, brewer’s yeast and Spirulina,) grew significantly faster compared to those 
fish that fed on diets with less or more than an optimum dietary protein content for 
spotted grunter (Chapter 2, Table 1). Hence, the inhibition of growth observed in fish 
fed with diets containing high dietary protein content could be due to the fact that fish 
of different sizes prefer a certain limit of protein after which excess protein could not 
be utilized effectively. Therefore, the protein present in fish diets was utilised 
effectively by spotted grunter and the fish used it to improve somatic growth rate. 
Also, the results of the study suggest that feed additives can be added in formulated 
diets to enhance the growth rate of spotted grunter while reducing feed production 
cost.  
Concerning the effect of graded levels of C. utilis on growth performance of spotted 
grunter, the results of this feeding experiment suggest that a maximum replacement 
of 16% of C. utilis can be incorporated in spotted grunter diets to improve growth and 
without showing any apparent negative health effects (Chapter 4, Figure 19). 
Improved growth rate, PER and FCR was observed in spotted grunter fed with diets 
containing 16% of torula yeast compared to the control (fish meal). The better feed 
utilization observed in fish fed with diet containing 16% of torula yeast suggests that 
yeast improved protein and diet digestibility, which could explain better growth and 
feed efficiency observed with this diet. Yeast has been found to be effective in 
growth, feed efficiency and blood parameters (Ramasamy et al., 2011; Abu-Elala et 
al., 2013). This growth improvement could be due to the presence of yeast in fish 
diets which provides monogastric organisms with digestive enzymes, essential 
nutrients and vitamins with consequent improvement in feed digestion. 
The histological examination of fish intestine showed elongated and dense intestinal 
villi in fish fed yeast supplemented diets when compared to other diets. Fish fed with 
yeasts (both S. cerevisiae and C. utilis) showed an increase in length and density of 
intestinal microvilli which is beneficial for feed assimilation (Chapter 3, Figure 16 and 
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Figure 17, respectively). Furthermore, the nucleic acid present in yeast diets also 
has several benefits which help to accelerate intestinal integrity (Li et al., 2007). 
Similar results were reported by Dimitroglou et al., 2009 and Abu-Elala et al., 2013. 
The intestinal villi length and density observed in fish fed yeast supplemented diets 
could explain the apparent gradual growth increase (Chapter 3, Figure 16, 17A and 
Chapter 4, Figure 28B). Supplementation of fish diets with selected additives is 
responsible for the considerable accumulation of visceral fat and whole-body lipids 
observed in spotted grunter. The deposition of visceral fat was relatively high in all 
the fish groups that were fed with selected feed additives when compared to the non- 
supplemented diet (Chapter 3, Figure 10). However, the VFI analysis of the diets 
described in Chapter 4 (Figure 25) indicates that there was a proportional 
accumulation of visceral fat with inclusion of torula yeast even though the dietary 
lipid content was the same in all the diets. This implies that the rate of lipid 
deposition in spotted grunter is influenced by the addition of additives. These results 
also suggest that lipid inclusion in supplemented diets for spotted grunter should be 
reduced for a lesser expensive feed cost in aquaculture industry. Further study is 
required to determine the effects of dietary lipid levels on supplemented diets of 
spotted grunter. 
The addition of selected feed additives in spotted grunter diets showed a significant 
increase in liver glycogen compared to the UNP PB-20® supplemented diet. In 
addition, the blood glucose concentration of spotted grunter was not affected by 
graded yeast levels after a feeding period of 8 weeks (Chapter 4, Figure 26); 
however, when the longer feeding experiment with diets containing different selected 
feed additives for 12 weeks was conducted, a significant increase in blood glucose of 
fish fed on torula and Spirulina diets was observed (Chapter 3, Figure 11). The liver 
glycogen and blood glucose content observed in fish fed with supplemented diets 
remained relatively high when compared to UNP PB-20® containing diet which had a 
remarkable reduced glycogen and blood glucose in spotted grunter. Blood glucose in 
fish is affected by health conditions and dietary deficiency (Hemre et al., 1996) while 
glycogen content decreases when fish are exposed to stressful conditions. 
Therefore, the results observed in this study suggests that fish groups fed with most 
diets i.e. S. platensis, U. lactuca, C. utilis, S.cerevisiae, LIV-UP® and the control 
accumulated enough glycogen in the liver and were in good biological condition. 
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However, UNP PB-20® supplemented diets did not provide sufficient energy to the 
fish as a result fish were unable to store enough glycogen in the liver, which might 
explain the decrease in HSI. However, the high VFI in these fish is indicative that 
they also used lipids as energy for metabolic requirements.  
In addition to biochemical indicators of the fish fed supplemented diets, glycogen 
accumulated disproportionally in the liver of fish fed with graded levels of yeast 
(Chapter 4, Figure 27), while glucose content was observed to increase with yeast 
inclusion (Chapter 4, Figure 26). Fish fed 8% yeast containing diet accumulated the 
highest liver glycogen content and lowest blood glucose when compared to all the 
treatments. These findings possibly suggest that spotted grunter was not negatively 
affected by 8% of yeast inclusion in their diets and might have contributed to the 
increase in HSI. 
In conclusion, selected feed additives can be supplemented in P. commersonnii 
diets. Based on the findings of this study, a maximum concentration of 16% of 
C. utilis can be added in spotted grunter diets to enhance growth rate, feed efficiency 
and without any adverse effects on the well-being of the fish. Replacement of fish 
meal with other feed additives (i.e. Brewer’s yeast, LIV-UP® and UNP PB-20®) is not 
advisable because of the increased accumulation of visceral fat that was observed in 
fish. However, reducing dietary lipid levels may reduce the VFI and consequent 
dietary costs. Nevertheless, further investigation is required to elucidate the effect of 
substituting fish meal with higher concentration of yeast on growth and health 
condition of spotted grunter – especially since possible nutrition additives 
contributing to improved intestinal wall integrity, may supress the enteritis effects of 











Abbas S, Ahmed I, Hafeez-Ur-Rehman M, Mateen A (2008) Replacement of fishmeal by 
canola in diets for major carps in fertilized ponds. Pakistan Veterinary Journal, 28, 
111-114.  
Abdel-Tawwab M (2012) Interactive effects of dietary protein and live bakery yeast, 
Saccharomyces cerevisiae on growth performance of Nile tilapia, Oreochromis 
niloticus (L.) fry and their challenge against Aeromonas hydrophila infection. 
Aquaculture International, 10, 317-331. 
Abdel-Tawwab M, Ahmad MH, Abdel-Hadi YM, Seden MEA (2008) Use of Spirulina 
(Arthrospira platensis) as a growth and immunity promoter for Nile tilapia, 
Oreochromis niloticus (L.) fry challenged with pathogenic Aeromonas hydropila. 8th 
International Symposium on Tilapia in Aquaculture, 1015-1032. 
Abdel-Tawwab M, Khattab YAE, Ahmad MH, Shalaby AME (2006) Compensatory growth, 
feed utilization, whole-body composition, and haematological changes in starved 
juvenile Nile tilapia, Oreochromis niloticus (L.). Journal of Applied Aquaculture, 18, 
17-36. 
Abdel-Wahab AWA, El-Sayed MIY, Nasser AA (2016) Potential use of green macroalgae 
Ulva lactura as a feed supplement in diets on growth performance, feed utilization 
and body composition of the African catfish, Clarias gariepinus. Saudi Journal of 
Biological Sciences, 23, 404-409. 
Abdulhadi HAL (2005) Some comparative histological studies on alimentary tract of tilapia 
fish (Tilapia spilurus) and sea bream (Mylio cuvieri). Egyptian Journal of Aquatic 
Research, 31, 387-397. 
Abu-Elala N, Marzouk M, Moustafa M (2013) Use of different Saccharomyces cerevisiae 
biotic forms as immune-modulator and growth promoter for Oreochromis niloticus 
challenged with some fish pathogens. International Journal of Veterinary Science 
and Medicine, 1, 21-29. 
82 
 
Agriculture and Environmental Service (AES) (2013) Fish to 2030. Prospects for fisheries 
and aquaculture. In: Discussion Paper 03. World Bank Report No. 83177-GLB, pp. 
1-77. 
Akbulut B, Şahin T, Aksungur N, Aksungur (2002) Effect of initial size on growth rate of 
rainbow trout, Oncorhynchus mykiss, reared in cages on the Turkish black sea 
coast. Turkish Journal of Fisheries and Aquatic Sciences, 2, 133-136. 
Aladetohum NF, Sogbesan OA (2013) Utilization of blood meal as a protein ingredient from 
animal waste product in the diet of Oreochromis niloticus. International Journal of 
Fisheries and Aquaculture, 5, 234-237. 
Allison EH (2011) Aquaculture, fisheries, poverty and food security. The WorldFish Center, 
Working paper 2011-65, pp. 60. 
Amosu AO, Robertson-Anderson DV, Maneveldt GW, Anderson RJ, Bolton JJ (2013) South 
African seaweed aquaculture: A sustainable development example for other African 
coastal countries. African Journal of Agricultural Research, 8, 5268-5279. 
Anuradha V, Byju K, Jacob K, Gopinath A, Peter KJP, Kumar TRG, Vasundhara G, 
Rosamine E, Harishankar HS, Kumar NC, Nair SM (2015) Evaluation of biochemical 
and nutritional potential of seaweeds from Lakshadweep Archipelago. Journal of 
Aquatic Food Product Technology, 24, 639-647.  
Apaydin G, Aylıkcı V, Cengiz E, Saydam M, Küp N, Tıraşoğlu E (2010) Analysis of metal 
contents of seaweed (Ulva lactuca) from Istanbul, Turkey by EDXRF. Turkish 
Journal of Fisheries and Aquatic Sciences, 10, 215-220. 
Athar M, Ahmed S, Hashmi AS (2009) Bioconversion of beet pulp to microbial biomass 
protein by Candida utilis. Journal of the Chemical Society of Pakistan, 31, 115-121. 
Azaza MS, Mensi F, Ksouri J, Dhraief MN, Brini B, Abdelmouleh A, Kraϊem MM (2008) 
Growth of Nile tilapia (Oreochromis mossambicus L.) fed with diets containing 
graded levels of green algae Ulva meal (Ulva rigida) reared in geothermal waters of 
Southern Tunisia. Journal of Applied Ichthyology, 24, 202-207. 
83 
 
Bacela N (1998) Studies on captive rearing of spotted grunter Pommadasys commersonnii 
(Pisces: Haemulidae) under ambient conditions. MSc thesis. Department of 
Ichthyology and Fisheries Sciences, Rhodes University, Grahamstown, pp.121. 
Balcázar JL, de Blas I, Ruiz-Zarzuela I, Cunningham D, Vendrell D, Múzquiz JL (2006) The 
role probiotics in aquaculture. Veterinary Microbiology, 114, 173-186. 
Barcellos LJG, Marqueze A, Trapp M, Quevedo RM, Ferreira D (2010) The effects of 
fasting on cortisol, blood glucose and liver and muscle glycogen in adults jundia 
Rhamdia quelen. Aquaculture, 300, 231-236. 
Barton BA (2002) Stress in fish: a diversity of response in particular reference to changes in 
circulating corticosteroids. Integrative and Comparative Biology, 42, 517-525. 
Barton BA, Iwama GK (1991) Physiological changes in fish from stress in aquaculture with 
emphasis on the response and effects of corticosteroids. Annual Review of Fish 
Diseases, 3-26. 
Begg K, Pankhurst NW (2004) Endocrine and metabolic responses to stress in a laboratory 
population of the tropical damselfish Acanthochromis polyacanthus. Journal of Fish 
Biology, 64, 133-145. 
Bennett LW, Keirs RW, Peebles ED, Gerard PD (2007) Methodologies of tissue 
preservation and analysis of the glycogen content of the broiler chick liver. Poultry 
Science, 86, 2653-2665. 
Berestov V (2001) Our experience in Spirulina feeding to minks in the reproduction period. 
Nutrition and Nutritional Physiology, 25, 11-15. 
Bianca MP (2008) Famed fish welfare-suffering assessment and impact on product quality. 
Italian Journal of Animal Science, 7, 1-20. 
Blaber SJM, Whitfield AK (1976) Large scale mortality of fish at St. Lucia. South African 
Journal for Science 72: 218. 
Blasco J, Fernández J, Gutiérrez J (1992) Fasting and refeeding in carp, Cyprinus carpio 
L.: the mobilization of reserves and plasma metabolite and hormone variations. 
Journal of Comparative Physiology, Part B, 162, 539-546. 
84 
 
Bob-Manuel FG (2014) A comparative study of the effect of yeast single cell protein on 
growth, feed utilization and condition factor of the African catfish Clarias gariepinus 
(Burchell) and tilapia, Oreochromis niloticus (Linnaeus) fingerlings. African Journal of 
Agricultural Research, 9, 2005-2011. 
Britz PJ (1995) The nutritional requirements of Haliotis midae and development of a 
practical diet for abalone aquaculture. PhD Dissertation. Department of Ichthyology 
and Fisheries Science, Rhodes University, Grahamstown, pp. 150. 
Britz PJ (1996) The suitability of selected protein sources for inclusion in formulated diets 
for the South African abalone, Haliotis midae. Aquaculture, 140, 63-73. 
Canan B, Do Nascimento WS, Da Silva NB, Chellappa S (2012) Morphohistology of the 
digestive tract of the Damsel fish Stegastes fuscus (Osteichthyes: Pomacentridae). 
The Scientific World Journal, 2012, 1-9. 
Carter CG, Hauler RC (2000) Fish meal replacement by plant meals in extruded feeds for 
Atlantic salmon, Salmo salar L. Aquaculture, 185, 299-311. 
Caruso G (2015) Use of plant products as candidate fish meal substitutes: An emerging 
issue in aquaculture productions. Fisheries and Aquaculture Journal, 6, 1-3. 
Cerezuela R, Fumanal M, Tapia-Paniagua ST, Meseguer J, Morinigo MA, Esteban MÁ 
(2012) Histological alterations and microbial ecology of the intestine in gilthead 
seabream (Sparus aurata L.) fed dietary probiotics and microalgae. Cell and Tissue 
Research, 350, 477-489. 
Chatzifotis S, Panagiotidou M, Papaioannou N, Pavlidis M, Nengas L, Mylonas CC (2010) 
Effect of dietary lipid levels on growth, feed utilization, body composition and serum 
metabolites of meagre (Argrosomus regius) juveniles. Aquaculture, 307, 65-70. 
Chia-Hsi JC, Su-Mei W, Yung-Che T, Yi-Chun L, Otto B, Pung-Pung H (2007) Regulation of 
glycogen metabolism in gills liver of the euryhaline tilapia (Oreochromis 
mossambicus) during acclimation to seawater. The Journal of Experimental Biology, 
210, 3494-3504. 
Childs AR (2005) Movement patterns of spotted grunter, Pomadasys commersonnii 
(Haemulidae), in a highly turbid South African estuary. Masters thesis. Department of 
Ichthyology and Fisheries Science, Rhodes University, Grahamstown, pp. 152. 
85 
 
Childs AR, Cowley PD, Naesje TF, Booth AJ, Potts WM, Thorstad EB, Økland F (2008) Do 
environmental factors influence the movement of estuarine fish? A case study using 
acoustic telemetry. Estuarine, Coastal and Shelf Science, 78, 227-236. 
Chopin T, Robinson SMC, Troell M, Neori A, Buschmann AH, Fang J (2008) Multitrophic 
integration for sustainable marine aquaculture. Earth Systems and Environmental 
Sciences, 2463–2475. 
Coban MZ, Sen D (2011) Examination of liver and muscle glycogen and blood glucose 
levels of Capoeta umbla (Heckel, 1843) living in Hazar lake and Keban dam lake 
(Elazig, Turkey). African Journal of Biochemistry, 10, 10271-10279. 
Collins SA, Øverland M, Skrede A, Drew MD (2013) Effect of plant protein sources on 
growth rate in salmonids: Meta-analysis of dietary inclusion of soybean, pea and 
canola/rapeseed meals and protein concentrates. Aquaculture, 400-401, 85-100. 
Craig S, Helfrich LA (2002) Understanding fish nutrition, feeds, and feeding. In: Virginia 
Cooperative Extension. Publication 420-256, 1-18. 
Dada AA (2012) Effects of herbal growth promoter feed addictive in fish meal on the 
performance of Nile tilapia (Oreochromis niloticus L.). Egyptian Academic Journal for 
Biological Sciences, 4, 111-117. 
Dada AA (2015) Improvement of tilapia (Oreochromis niloticus Linnaeus, 1758) growth 
performance fed three commercial feed additives in diets. Journal of Aquaculture 
Research and Development, 6, 1-3. 
Dada AA, Olugbemi BD (2013) Dietary effects of two commercial feed additives on growth 
performance and body composition of African catfish Clarias gariepinus fingerlings. 
African Journal of Food Science, 7, 325-328. 
Davis JT (1990) Red drum: Production of food fish. In: Southern Regional Aquaculture 
Centre. Publication No. 322, pp. 4. 
Day JH, Blaber SJM, Wallace JH (1981) Estuarine fishes. In estuarine ecology with 
particular reference to Southern Africa, A.A. Balkema, Cape Town, pp. 197-221. 
86 
 
De Lange CFM, Pluske J, Gong J, Nyachoti CM (2010) strategic use of feed ingredients 
and feed additives to stimulate gut health and development in young pigs. Livestock 
Science, 134, 124-134.  
De Oliveira MN, Freitas ALP, Carvalho AFU, Sampaio TMT, Farias DF, Teixeira DIA, 
Gouveia ST, Pereira JG, de Sena MMCC (2009) Nutritive and non-nutritive attributes 
of washed-up seaweeds from the coast of Ceara, Brazil. Food Chemistry, 115, 254-
259. 
De Silva SS, Anderson TA (1994) Fish Nutrition in Aquaculture, Chapman & Hall, London, 
pp. 320. 
Deacon N (1997) Determination of the optimum environmental requirements of juvenile 
marine fish: The devolopment of a protocol. PhD thesis. Department of Ichthyology 
and Fisheries Science, Rhodes University, Grahamstown, pp. 143.  
Deacon N, Hecht T (1995) Observations on the thermoreguratory behaviour of juvenile 
spotted grunter, Pomadasys commersonnii (Haemulidae: Pisces). Journal of Applied 
Ichthyology, 11, 100-110. 
Deacon N, Hecht T (1996) The effect of temperature and photoperiod on the growth of 
juvenile spotted grunter, Pomadasys commersonnii (Pisces:Haemulidae). South 
African Journal for Marine Science, 17, 55-60. 
Deacon N, Hecht T (1999) The effect of reduced salinity on growth, food conversion and 
protein efficiency ratio in juvenile spotted grunter, Pomadasys commersonnii 
(Lacépède) (Teleostei:Haemulidae). Aquaculture Research, 30, 13-20. 
Deacon N, White H, Hecht T (1997) Isolation of the effective concentration of 2-
phenoxyethanol for anaesthesia in the spotted grunter, Pomadasys commersonnii, 
and its effect on growth. Aquarium Sciences and Conservation, 11, 19-27. 
Denji KA, Mansour MR, Akrami R, Ghobadi S, Jafarpour SA, Mirbeygi SK (2015) Effect of 
dietary prebiotic mannan oligosaccharide (MOS) on growth performance, intestinal 
microflora, body composition, haematological and blood serum biochemical 
parameters of rainbow trout (Oncorhynchus mykiss) juveniles. Journal of Fisheries 
and Aquatic Sciences, 10, 255-265. 
87 
 
Dimitroglou A, Merrifield DL, Moate R, Davies SJ, Spring P, Sweetman J, Bradley G (2009) 
Dietary mannan oligosaccharide supplementation modulates intestinal microbial 
ecology and improves gut morphology of rainbow trout, Oncorhynchus mykiss 
(Walbaum). Journal of Animal Science, 87, 3226-3234. 
Dos Santos M, Arantes FP, Santiago KB, Dos Santos JE (2015) Morphological 
characteristics of the digestive tract of Schizodon knerii (Steindachner, 1875), 
(Characiformes: Anostomidae): An anatomical, histological and histochemical study. 
Annals of the Brazilian Academy of Sciences, 87, 867-878. 
El-Tawil NE (2010) Effects of green seaweeds (Ulva sp.) as feed supplements in red tilapia 
(Oreochromis Sp.) diet on growth performance, feed utilization and body 
composition. Journal of the Arabian Aquaculture Society, 5, 179-189. 
Emire SA, Jha YK, Mekam F (2013) Role of anti-nutritional factors in food industry. 
Beverage & Food World, 23-28. 
Emre Y, Ergün S, Kurtoğlu A, Güroy B, Güroy D (2013) Effects of Ulva meal on growth 
performance of gilthead seabream (Sparus aurata) at different levels of dietary lipid. 
Turkish Journal of Fisheries and Aquatic Sciences, 13, 841-846. 
Emre Y, Sevgili H, Diler I (2003) Replacing fish meal with poultry by-product meal in 
practical diets for mirror carp (Cyprinus carpio) fingerlings. Turkish Journal of 
Fisheries and Aquatic Sciences, 3, 81-85. 
Enami HR (2011) A review of using canola/rapeseed meal in aquaculture feeding. Journal 
of Fisheries and Aquaculture Science, 6, 22-36. 
Enes P, Panserat S, Kaushik S, Oliva-Teles A (2009) Nutritional regulation of hepatic 
glucose metabolism in fish. Fish Physiology and Biochemistry, 35, 519-539. 
Fagbenro OA, Davies SJ (2001) Use of soybean flour (dehulled, solvent-extracted 
soybean) as a fish meal substitute in practical diets for African catfish, Clarias 
gariepinus (Burchell 1822): growth, feed utilization and digestibility. Journal of 
Applied Ichthyology, 17, 64-69. 
FAO (2002) Use of fishmeal and fish oil in aquafeeds. Further thoughts on the fishmeal trap 
(eds New MB, Wijkström UN). In: Fisheries Circular No. 975. FAO, Rome, pp. 61. 
88 
 
FAO (2008) A review on culture, production and use of spirulina as food for humans and 
feed for domestic animals and fish. In: Fisheries and Aquaculture Circular 1034. 
FAO, Rome, pp. 33.  
FAO (2009a) Fish as feed inputs for aquaculture: Practices, sustainability and implications 
(eds Hasan MR, Halwart M). In: Fisheries and Aquaculture Technical Paper No. 518. 
FAO, Rome, pp.407. 
FAO (2012) The State of World Fisheries and Aquaculture. FAO, Rome, pp. 209. 
Faramarzi M, Kiaalvandi S, Iranshahi F (2011) The effect of probiotics on growth 
performance and body composition of common carp (Cyprinus carpio). Journal of 
Animal and Veterinary Advances, 10, 2408-2413. 
Fauconneau (1984) The measurement of whole body protein synthesis in larval and 
juvenile carp (Cyprinus carpio). Comparative Biochemistry and Physiology, Part B, 
78, 845-850. 
Ferreira CEL, Peret AC, Coutinho R (1998) Seasonal grazing rates and food processing by 
tropical herbivorous fishes. Journal of Fish Biology, 53, 222-235. 
Francis G, Makkar HPS, Becker K (2001) Antinutritional factors present in plant-derived 
alternate fish feed ingredients and their effects in fish. Aquaculture, 199, 197-227. 
Frankic T, Voljc M, Salobir J, Rezar V (2009) Use of herbs and spices and their extracts in 
animal nutrition. Acta Argiculturae Slovenica, 94, 95-102.  
Fulton TW (1902) The rate of growth of fishes. 20th Annual Report of the Fishery Board of 
Scotland 1902, 3, 326-446. 
Gallagher ML (1994) The use of soybean meal as a replacement for fish meal in diets for 
hybrid striped bass (Morone saxatilis x M. chrysops). Aquaculture, 126, 119-127. 
Ganguly S, Dora KC, Sarkar S, Chowdhury S (2013) Supplementation of prebiotics in fish 
feed: a review. Reviews in Fish Biology and Fisheries, 23, 195-199. 
Gatesoupe FJ (2007) Live yeasts in the gut: Natural occurrence, dietary introduction, and 
their effects on fish health and development. Aquaculture, 267, 20-30.  
89 
 
Ghaeni M, Matinfar A (2013) Application of Spirulina for feeding larvae of green tiger 
shrimp, Peneaus semisulcatus. Journal of Marine Science, Research and 
Development, 3, 1-3. 
Gibson GR, Probert HM, Loo JV Rastall RA, Roberfroid MB (2004) Dietary modulation of 
the human colonic microbiota: updating the concept of prebiotics. Nutrition Research 
Reviews, 17, 259-275. 
Goede RW, Barton BA (1990) Organismic indices and autopsy-based assessment as 
indicators health and condition of fish. In: American Fisheries Society Symposium, 
Bethesda, 93-108. 
Goksan T, Zekeriyaoglu A, Aysegul IAK (2007) The growth of Spirulina platensis in different 
culture systems under greenhouse conditions. Turkish journal of Biological Sciences, 
31, 47-52. 
Grammes F, Reveco FE, Romarheim OH, Landsverk T, Mydland LT, Øverland M (2003) 
Candida utilis and Chlorella vulgaris counteract intestinal inflammation in Atlantic 
salmon (Salmo salar L.). Plos One, 8, 1-13. 
Green BS, McCormick MI (1999) Influence of larval feeding history on the body condition of 
Amphiprion melanopus. Journal of Fish Biology, 55, 1273-1289. 
Güroy D, Güroy B, Merrifield DL, Ergün S, Tekinay AA, Yiğit M (2010) Effect of dietary Ulva 
and Spirulina on weight loss and body composition of rainbow trout, Oncorhynchus 
mykiss (Walbaum), during a starvation period. Journal of Animal Physiology and 
Animal Nutrition, 95, 320-327. 
Hao H, Cheng G, Iqbal Z, Ai X, Hussain HI, Huang L, Dai M, Wang Y, Liu Z, Yuan Z (2014) 
Benefits and risks of antimicrobial use in food-producing animals. Frontiers in 
Microbiology, 5, 1-11. 
Harmon KJ, Bolinger MT, Rodnick KJ (2011) Carbohydrate energy reserves and effects of 
food deprivation in males and female rainbow trout. Comparative Biochemistry and 
Physiology, Part A, 158, 423-431. 




Hasan MR, Chakrabarti R (2009) Use of algae and aquatic macrophytes as feed in small-
scale aquaculture. In: Fisheries and Aquaculture Technical Paper No. 531. FAO, 
Rome, pp. 123.  
Hauptman BS, Barrows FT, Block SS, Gaylord TG, Paterson JA, Rawles SD, Sealey WM 
(2014) Evaluation of grain distillers dried yeast as a fish meal substitute in practical-
type diets of juvenile rainbow trout, Oncorhynchus mykiss. Aquaculture, 432, 7-14.  
Hecht T, Irish A, Sales J (2003) Effect of protein level and varying protein-lipid 
concentrations on growth characteristics of juvenile spotted grunter Pomadasys 
commersonnii (Haemulidae). African Journal of Marine Science, 25, 283-288. 
Hecht T, Van de Linger CD (1992) Turbidity-induced changes in feeding strategies of fish in 
estuaries. South African Journal of Zoology, 27, 95-107. 
Heemstra PC, Heemstra E (2004) Coastal Fishes of Southern Africa. In: National Inquiry 
Service Centre (NISC) and South African Institute for Aquatic Biodiversity (SAIAB). 
Grahamstown, pp. 488. 
Heidarieh M, Mirvaghefi AR, Sepahi A, Sheikhzadeh N, Shahbazfar AA, Akbari M (2013) 
Effects of dietary aloe vera on growth performance, skin and gastointestine 
morphology in rainbow trout (Oncorhynchus mykiss). Turkish Journal of Fisheries 
and Aquatic Sciences, 13, 367-373. 
Hemre GI, Waagbø R, Hjeltnes B, Aksnes A (1996) Effect of gelatinized wheat and maize 
in diets for large Atlantic salmon (Salmo salar L.) on glycogen retention, plasma 
glucose and fish health. Aquaculture Nutrition, 2, 33-39. 
Hernández C, Osuna-Osuna L, Benitez-Hernandez A, Sanchez-Gutierrez Y, González-
Rodriguez B, Dominguez-Jimenez P (2014) Replacement of fish meal by poultry by-
product meal, food grade, in diets for juvenile spotted grunter rose snapper (Lutjanus 
guttatus). Latin American Journal of Aquatic Research, 42, 111-120. 
Hunter BJ, Roberts DC (2000) Potential impact of the fat composition of farmed fish on 
human health. Nutrition Research, 20, 1047-1058. 
Hussain SM, Zakia K (2000) Priliminary studies on culture of Lutjanus johni (Snapper) and 
Pomadasys kaakan (Grunt) marine fishes. Pakistan Journal of Zoology, 32, 85-91. 
91 
 
Ibrahem MD, Mohamed MF, Ibrahim MA (2013) The role of Spirulina platensis 
(Arthrospira platensis) in growth and immunity of Nile tilapia (Oreochromis niloticus) 
and its resistance to bacterial infection. Journal of Agricultural Science, 5, 109-117. 
Ighwela KA, Ahmad AB, Abol-Munafi AB (2014) The selection of viscerosomatic and 
hepatosomatic indices for the measurement and analysis of Oreochromis niloticus 
condition fed with varying dietary maltose levels. International Journal of Fauna and 
Biological Studies, 1, 18-20. 
Ince BW, Thorpe A (1976) The effects of starvation and force-feeding on the metabolism of 
the Northern pike, Esox lucius L. Journal of Fish Biology, 8, 79-88.  
Iwama GK, Pickering AD, Sumpter JP, Schreck CB (ed.) (1997) Fish Stress and Health in 
Aquaculture, Cambridge University Press, United Kingdom, pp. 271. 
Javed M, Usmani N (2015) Stress response of biomolecules (carbohydrates, protein, and 
lipid profiles) in fishes Channa punctatus inhabiting river polluted by thermal power 
plant effluent. Saudi Journal of Biological Sciences, 22, 237-242.  
Jensen NC, Fiskeindustri E, Denmark E (1990) Quality fish meal: Specifications and use in 
aquaculture and fur farming. International By-Products Conference, 127-130. 
Kabahenda MK, Omony P, Husken SMC (2009) Post-harvest handling of low-value fish 
products and threats to nutritional quality: a review of practices in the Lake Victoria 
region. In: Regional Programme Fisheries and HIV/AIDS in Africa: Investing in 
Sustainable Solutions. The WorldFish Center. Project Report 1975, pp. 1-15. 
Khairy HM, El-Shafay SM (2013) Seasonal variations in the biochemical composition of 
some common seaweed species from the coast of Abu Qir Bay, Alexandria, Egypt. 
Oceanologia, 55, 435-452. 
Khallaf EA, Galal M, Authman M (2003) The biology of Oreochromis niloticus in a polluted 
canal. Ecotoxicology, 12, 405-416. 
Kim YS, Ho SB (2010) Intestinal goblet cells and mucins in health and disease: Recent 
insight and progress. Current Gastroenterology Report, 12, 319-330. 
Kori-Siakpere O, Adamu K, Achakpokri JA (2007) Sublethal effects of paraquat on plasma 
glucose levels and glycogen reserves in liver and muscle tissues of African catfish 
92 
 
(Clarias gariepinus) under laboratory condition. Journal of Fisheries and Aquatic 
Science, 2, 243-247. 
Lambert Y, Dutil JD (1997) Condition and energy reserves of Atlantic cod (Gadus morhua) 
during the collapse of the Gulf of St. Lawrence stock. Canadian Journal of Fisheries 
and Aquatic Sciences, 54, 2388-2400. 
Lara-Flores M, Olvera-Novoa MA, Guzmán-Méndez BE, López-Madrid W (2003) Use of the 
bacteria Streptococcus faecium and Lactobacillus acidophilus, and the yeast 
Saccharomyces cerevisiae as growth promoters in Nile tilapia (Oreochromis 
niloticus). Aquaculture, 216, 193-201. 
Lee SM, Kim DJ, Kim JK, Hhr SB, Lee JK, Lim HK (2000) Effects of Kluyveromyces fragilis, 
Candida utilis and brewer’s yeast as an additive in the diet on the growth and body 
composition of juvenile Korean rockfish (Sebastes schlegeli). Journal of Korean Fish 
Society, 33, 463-468. 
Li JN, Xu QY, Wang CA, Wang LS, Zhao ZG, LUO L (2016) Effects of dietary glucose and 
starch levels on the growth, haematological indices and hepatic hexokinase and 
glucokinase mRNA expression of juvenile mirror carp (Cyprinus carpio). Aquaculture 
Nutrition, 22, 550-558. 
Li P, Gatlin DM (2004) Dietary brewer’s yeast and the prebiotic GrobioticTM AE influence 
growth performance, immune responses and resistance of hybrid striped bass 
(Morone chrysops x M. saxatilis) to Streptococcus iniae infection. Aquaculture, 231, 
445-456. 
Li P, Lawrence AL, Castille FL, Gatlin III DM (2007) Preliminary evaluation of a purified 
nucleotide mixture as a dietary supplement for Pacific white shrimp Litopenaeus 
vannamei (Boone). Aquaculture Research, 38, 887-890. 
Love RM (1992) Biochemical Dynamics and the Quality of Fresh and Frozen Fish. In: Fish 
Processing Technology (ed. Hall GM). Blackie Academic and Professional, New 
York, pp. 1-26. 
Lovell T (1989) Nutrition and feeding of fish. An IVA Book, Van Nostrand Reinhold, New 
York, pp. 260. 
93 
 
Lu F, Haga Y, Satoh S (2015) Effects of replacing fish meal with rendered animal protein 
and plant protein sources on growth response, biological indices, and amino acid 
availability for rainbow trout Oncorhynchus mykiss. Fisheries Science, 81, 95-105. 
Luzzana U, Valfré F, Mangiarotti M, Domeneghini C, Radaelli G, Moretti VM, Scolari M 
(2005) Evaluation of different protein sources in fingerling grey mullet Mugil cephalus 
practical diets. Aquaculture International, 13, 291-303. 
Madhuri S, Sahni YP, Pandey G (2012) Herbal feed supplements as drugs and growth 
promoter to fishes. International Research Journal of Pharmacy, 3, 30-33. 
Mahdi T, Abdolsamad KA, Sekineh Y (2013) Effect of Spirulina platensis meal as a feed 
supplement on growth performance and pigmentation of rainbow trout 
(Oncorhynchus mykiss). World Journal of Fish and Marine Sciences, 5, 194-202. 
Mahnken CVW, Spinelli J, Waknitz FW (1980) Evaluation of an alkane yeast (Candida sp.) 
as a substitute for fish meal in Oregon moist pellet: feeding trials with coho salmon 
(Oncorhynchus kisutch) and rainbow trout (Salmo gairdneri). Aquaculture, 20, 41-56. 
Manoppo H, Kolopita MEF (2016) the use of baker’s yeast to promote growth of carp 
(Cyprinus carpio L). International Journal of PharmTech Research, 9, 415-420. 
Martínez-Porchas M, Martínez-Córdova LR, Ramos-Enriquez R (2009) Cortisol and 
glucose: Reliable indicators of fish stress? Pan-American Journal of aquatic 
Sciences, 4, 158-178. 
Matty AJ, Smith P (1978) Evaluation of a yeast, a bacterium and an alga as a protein 
source for rainbow trout: I. Effects of protein level on growth, gross conversion 
efficiency and protein conversion efficiency. Aquaculture, 14, 235-246. 
Merrifield DL, Olsen RE, Myklebust R, Ringø E (2011) Dietary effect of soybean (Glycine 
max) products on gut histology and microbiota of fish, Soybean and Nutrition (ed. El-
Shemy H), InTech Publisher, Norway, pp. 231-250. 
Mohammadi F, Mousavi SM, Ahmadmoradi E, Zakei M, Jahedi A (2015) Effects of 
Saccharomyces cerevisiae on survival rate and growth performance of convict 
cichlid (Amatitlania nigrofasciata). Iranian Journal of Veterinary Research, 16, 59-62. 
94 
 
Mohammadi F, Seyed MM, Mohammad Z, Ebtesam A (2016) Effect of dietary probiotic, 
Saccharomyces cerevisiae on growth performance, survival rate and body 
biochemical composition of three spot cichlid (Cichlasoma trimaculatum). 
Aquaculture, Aquarium, Conservation and Legislation Bioflux (AACL Bioflux), 9, 451-
457. 
Moreira LM, Ribeiro AC, Duarte FA, De Morais MG, De Souza-Soares LA (2013) 
Spirulina platensis biomass cultivated in Southern Brazil as a source of essential 
minerals and other nutrients. African Journal of Food Science, 7, 451-455. 
Munawar M, Dixon G, Mayfield IC, Reynoldson TB, Sadar MH (1989) Environmental 
Bioassay Techniques and their Application. Kluwer Academic Publishers, Dordrecht, 
pp. 40. 
Mustafa MG, Nakagawa H (1995) A review: dietary benefits of algae as an additive in fish 
feed. Israel Journal of Aquaculture Bamidgeh, 47, 155-162. 
Myers D (2007) Probiotics. Journal of Exotic Pet Medicine, 16, 195-197. 
Nakagawa H (2010) Quality control of cultured fish by feed supplements. Bulletin of 
Fisheries Research Agency, 31, 51-54. 
Navarrete P, Tovar-Ramirez D (2014) Use of yeasts as probiotics in fish aquaculture. 
Sustainable Aquaculture Techniques, PhD thesis, In: Martha Hernandez-Vergara 
(Ed.).  InTech, pp. 135-156. 
Naylor RL, Goldburg RJ, Primavera JH, Kautsky N, Beveridge MCM, Clay J, Folke C, 
Lubchenco J, Mooney H, Troell M (2000). Effect of aquaculture on world fish 
supplies, Nature, 405, 1017-1024. 
Naylor RL, Hardy RW, Bureau DP, Chiu A, Elliot M, Farrell AP, Forster I, Gatlin DM, 
Goldburg RJ, Hua K, Nichols PD (2009) Feeding aquaculture in an era of finite 
resources. Proceeding of the National Academy of Sciences (PNAS), 106, 15103-
15110. 
Nazlic M, Paladin A, Bocina I (2014) Histology of the digestive system of the black scorpion 
fish Scorpaena porcus L. Acta Adriatica, 55, 65-74. 
95 
 
Nisizawa K, Noda H, Kikuchi R, Watanabe T (1987). The main seaweed foods in Japan. 
Hydrobiologia, 41, 5-29. 
Nogueira N, Cordeiro N, Andrade C, Aires T (2012) Inclusion of low levels blood and 
feathermeal in practical diets for gilthead seabream (Sparus aurata). Turkish Journal 
of Fisheries and Aquatic Sciences, 12, 641-650. 
Oliva-Teles A, Goncalves P (2001) Partial replacement of fishmeal by brewer’s yeast 
(Saccharomyces cerevisiae) in diets for sea bass (Dicentrarchus labrax) juveniles. 
Aquaculture, 202, 269-278. 
Olvera-Novoa MA, Martinez-Palacios CA, Olivera-Castillo L (2002) Utilization of torula 
yeast (Candida utilis) as a protein source in diets for tilapia (Oreochromis 
mossambicus Peters) fry. Aquaculture Nutrition, 8, 257-264. 
Ortiz J, Romero N, Robert P, Araya J, Lopez-Hernández J, Bozzo C, Navarrete E, Osorio 
A, Rios A (2006) Dietary fiber, amino acid, fatty acid and tocopherol content of edible 
seaweed Ulva lactuca and Durvillaea antarctica. Food Chemistry, 99, 98-104. 
Ortiz J, Romero N, Robert P, Araya J, Lopez-Hernández J, Bozzo C, Navarrete E, Osorio 
A, Rios A (2006) Dietary fiber, amino acid, fatty acid and tocopherol content of edible 
seaweed Ulva lactuca and Durvillaea antarctica. Food Chemistry, 99, 98-104. 
Otwell WS, Rickards WL (1981) Cultured and wild American eels, Anguilla rostrate: Fat 
content and fatty acid composition. Aquaculture, 26, 67-76. 
Øverland M, Karlsson A, Mydland LT, Romarheim OH, Skrede A (2013) Evaluation of 
Candida utilis, Kluyveromyces marxianus and Saccharomyces cerevisiae yeasts as 
protein sources in diets for Atlantic salmon (Salmo salar). Aquaculture, 403, 1-7. 
Ovie SO, Eze SS (2014) Utilization of Saccharomyces cerevisiae in the partial replacement 
of fishmeal in Clarias gariepinus diets. International Journal of Advance Agricultural 
Research, 2, 83-88. 
Ozório ROA, Portz L, Borghesi R, Cyrino JEP (2012) Effects of dietary yeast 
(Saccharomyces cerevisia) supplementation in practical diets of tilapia (Oreochromis 
niloticus). Animals, 2, 16-24. 
96 
 
Padmavathy P, Ramanathan N (2010) Quantitative changes of glycogen and lactate in 
muscle, blood and liver tissues of Orechromis mossambicus under hypoxia recovery. 
Tamilnadu Journal of Veterinary and Animal Sciences, 6, 54-59. 
Palmegiano GB, Agradi E, Forneris G, Gai F, Gasco L, Rigamonti E, Sicuro B, Zoccarato I 
(2005) Spirulina as a nutrient source in diets for growing sturgeon (Acipenser baeri). 
Aquaculture Research, 36,188-195. 
Pandey G, Sharma M, Mandloi AK (2012) Immunostimulant effect of medical plants on fish. 
International Research Journal of Pharmacy, 3, 112-114. 
Patriche T (2009) The importance of glucose determination in the blood of the Cyprinids. 
Zootehnei şi Biotehnologii, 42, 102-106. 
Peres H, Oliva-Teles A (1999) Effects of dietary lipid on growth utilization by European sea 
brass juveniles (Dicentrarchus labrax). Aquaculture, 179, 325-334. 
Pooramini M, Kamali A, Hajimoradloo A, Alizadeh M, Ghorbani R (2009) Effects of using 
yeast (Saccharomyces cerevisiae) as probiotic on growth parameters, survival and 
carcass quality in rainbow trout Oncorhynchus mykiss fry. International Aquatic 
Research, 1, 39-44. 
Pyle GG, Rajotte JW, Couture P (2005) Effects of industrial metals on wild fish populations 
along a metal contamination gradient. Ecotoxicology and Environmental Safety, 61, 
287-312. 
Ramakrishnan CM, Haniffa MA, Manohar M, Dhanaraj M, Arockiaraj AJ, Seetharaman S, 
Arunsingh SV (2008) Effects of probiotics and spirulina on survival and growth of 
juvenile common carp (Cyprinus carpio). The Israeli Journal of Aquaculture-
Bamidgeh, 60,128-133.  
Ramasamy H, Man-Chul K, Ju-Sang K (2011) Immunomodulatory effect of probiotics 
enriched diets on Uronema marinum infected olive flounder. Fish & Shellfish 
Immunology, 30, 964-971. 
Ramudu KR, Dash G (2013) A review on herbal drugs against harmful pathogens in 
aquaculture. American Journal of Drug Discovery and Development, 1-11. 
97 
 
Ranjan R, Bavitha M (2015) Lupins - An alternative protein source for aquaculture diets. 
International Journal of Applied Research, 1, 04-08. 
Rašković BS, Stanković MB, Marković ZZ, Poleksić VD (2011) Histological methods in the 
assessment of different feed effects on liver and intestine of fish. Journal of 
Agricultural Sciences, 56, 87-100. 
Rasouli M, Ostovar-Ravar A, Shokri-Afra H (2014) Characterization and improvement of 
phenol-sulfuric acid microassay for glucose-based glycogen. European Review for 
Medical and Pharmacological Sciences, 18, 2020-2024. 
Rastgoo AR, Ali-Abadi AS, Mohammadi M, Archangi B, Qasemi A, Tavoli M (2014) Genetic 
structure of javelin grunt (Pomadasys kaakan) using amplified fragment length 
polymorphism technique in the Persian Gulf. World Journal of Fish and Marine 
Science, 6, 494-498. 
Ravindra AP (2000) Value-added food: Single cell protein. Biotechnology Advances, 18, 
459-479. 
Rinna HS, Jansi M, Vasudhevan I (2013) Effect of dietary Spirulina platensis on feeding 
parameters of blue gourami, Trichogaster trichopterus. International Journal of 
Research in Fisheries and Aquaculture, 3, 103-106. 
Rottmann RW, Francis-Floyd R, Durborow R (1992) The role of stress in fish disease. In: 
South Reginal Aquaculture Centre. Publication No 474, pp. 4. 
Salnur S, Gultepe N, Hossu B (2009) Replacement of fishmeal by yeast 
(Saccharomyces cerevisiae): effects on digestibility and blood parameters for 
gilthead sea bream (Sparus aurata). Journal of Animal and Veterinary Advances, 8, 
2557-2561.  
Schipp G (2008) Is the use of fishmeal and fish oil in aquaculture diets sustainable? In: 
Northern Territory Government. Technote No. 124, pp. 15. 
Schulz E, Oslage HJ (1976) Composition and nutritive value of single-cell protein (SCP). 
Animal feed Science and Technology, 1, 9-24. 
Schutt DA, Lehmann J, Goerlich R, Hamers R (1997) Haematology of swordtail, 
Xiphophorus helleri. I: blood parameters and light microscopy of blood cells. Journal 
98 
 
of Applied Ichthyology, 13, 83-89. 
Silbergeld E (1974) Blood glucose: A sensitive indicator of environmental stress in fish. 
Bulletin of Environmental Contamination and Toxicology, 11, 20-25. 
Silva DM, Valente LMP, Sousa-Pinto I, Pereira R, Pires, Seixas F, Rema P (2015) 
Evaluation of IMTA-produces seaweeds (Gracilaria, Porphyra and Ulva) as dietary 
ingredients in Nile tilapia, Oreochromis niloticus L., juveniles. Effects on growth 
performance and gut histology. Journal of Applied Phycology, 27, 1671-1680. 
Siwicki AK, Anderson DP, Rumsey GL (1994) Dietary intake of immunostimulants by 
rainbow trout affects non- specific immunity and protection against furunculosis. 
Veterinary Immunology and Immunopathology, 41, 125-139. 
Smith MM, Heemstra PC (2003) Smiths' Sea Fishes, Struik Publishers, Cape Town, pp. 
1047. 
Smith MM, Mckay RJ (1986) Smiths’ Sea Fishes (eds. Smith MM, Heemstra PC), Springer-
Verlag, Berlin, pp 564-571. 
Sobha K, Poornima A, Harini P, Veeraiah K (2007) A study on biochemical changes in the 
fresh water fish, Catla catla, (Hamilton) exposed to the heavy metal toxicant 
cadmium chloride. Journal of Science, Engineering and Technology, 1, 1-11. 
Soetan KO, Oyewole OE (2009) the need for adequate processing to reduce the anti-
nutritional factors in plants used as human foods and animal feeds: A review. African 
Journal of Food Science, 3, 223-232. 
Sumpter JP (1992) Control the growth of rainbow trout (Oncorhynchus mykiss). 
Aquaculture, 100, 299-320. 
Tacon ACJ, Metian M (2008) Global review on the use of fish meal and fish oil in industrially 
compounded aquafeeds: Trends and future prospects. Aquaculture, 285, 146-158. 
Tacon AGJ, Hasan MR, Metian M (2011) Demand and supply of feed ingredients for 
farmed fish and crustaceans: trends and prospects. In: Fisheries and Aquaculture 
Technical Paper No. 564. FAO, Rome, pp. 87. 
Thiessen DL, Maenz DD, Newkirk RW, Classen HL, Drew MD (2004) Replacement of 
fishmeal by canol protein concentration in diets fed to rainbow trout (Oncorhynchus 
99 
 
mykiss). Aquaculture Nutrition, 10, 379-388. 
Tidwell JH, Allan GL (2001) Fish as food: Aquaculture’s contribution. EMBO’s Reports, 2, 
958-963. 
Torrecilla S, Alex M, Betancor M, Montero D, Caballero MJ, Sweetman J, Izquierdo MS 
(2013) Enhanced intestinal epithelial barrier health status on European sea bass 
(Dicentrarchus labrax) fed mannan oligosaccharides. Fish and Shellfish Immunology, 
34, 1485-1495. 
Uran PA, Goncalves AA, Taverne-Thiele JJ, Schrama JW, Verreth JA, Rombout JH (2008) 
Soybean meal induces intestinal inflammation in common carp (Cyprinus carpio L.). 
Fish and Shellfish Immunology, 25, 751-760.  
Van der Oost R, Beyer J, Vermeulen NPE (2003) Fish bioaccumulation and biomarkers in 
environmental risk assessment: A review. Environmental Toxicology and 
Pharmacology, 13, 57-149. 
Velasquez SF, Chan MA, Abisado RG, Traifalgar RFM, Tayamen MM, Maliwat GCF, 
Ragaza JA (2016) Dietary Spirulina (Arthrospira platensis) replacement enhances 
performance of juvenile Nile tilapia (Oreochromis niloticus). Journal of Applied 
Phycology, 28, 1023-1030. 
Viola S, Mokady S, Rappaport U, Arieli Y (1982) Partial and complete replacement fishmeal 
by soybean meal in feeds for intensive culture of carp. Aquaculture, 26, 223-236. 
Wang JT, Liu YJ, Tian LX, Mai KS, Du ZY, Wang Y, Yang HJ (2005) Effect of dietary lipid 
level on growth performance, lipid deposition, hepatic lipogenesis in juvenile cobia 
(Rachycentron canadum). Aquaculture, 249, 439-447. 
Wang Y, Xu Z (2006) Effect of probiotics for common carp (Cyprinus carpio) based on 
growth performance and digestive enzyme activities. Animal Feed Science and 
Technology, 127, 283-292. 
Wassef EA, El-Sayed AFM, Kandeel KM, Sakr EM (2005) Evaluation of Pterocla dia 
(Rhodophyta) and Ulva (Chlorophyta) meals as additives to gilthead seabream 
Sparas aurata diets. Egyptian Journal of Aquatic Research, 31, 321-332. 
Webster CD, Thompson KR, Muzinic LA (2004) Aquaculture nutrition and product quality. 
100 
 
In: Proceedings of the 57th American Meat Science Association. Aquaculture and 
Seafood Processing, 49-55.  
Welker TL, Lim C (2011) Use of probiotics in diets of tilapia.  Journal of Aquaculture, 
Research and Development, S1:014, 1-8. 
Wendelaar-Bonga SE (1997) The stress response in fish. Physiological Reviews, 77, 591-
696. 
Whitfield AK (1980) A quantitative study of the trophic relationships within the fish 
community of the Mhlanga Estuary, South Africa. Estuarine and Coastal Marine 
Science, 10, 417-435. 
Whitfield AK (1998) Biology and ecology of fishes in southern African estuaries. J.L.B. 
Smith Institution of Ichthyology, Grahamstown,  pp. 223. 
Whitfield AK, Blaber SJM, Cyrus DP (1981) Salinity ranges of some Southern African fish 
species occuring in estuaries. South African Journal of Zoology, 16, 151-155. 
Williams PG (2006) Health benefits of herbs and spices: Public Health. Medical Journal of 
Australia, 185, 1-3.  
Wilson RP (1989) Amino Acids and Proteins. In: Fish Nutrition (ed. Halver JE), Academic 
Press, San Diego, pp. 111-151. 
Wing-Keong NG; Chik-Boon KOH (2016) the utilization and mode of action of organic acids 
in the feeds of cultured aquatic animals. Reviews in Aquaculture, 0, 1-27. 
Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, Halpern BS, Jackson JBC, Lotze HK, 
Micheli F, Palumbi, Sala E, Selkoe KA, Stachowicz JJ, Watson R (2006) Impacts of 
biodiversity loss on ocean ecosystem services. Science, 314, 787-791. 
Yaich H, Garna H, Besbes S, Paqout M, Blecker C, Attia H (2011) Chemical composition 
and functional properties of Ulva lactuca seaweed collected in Tunisia. Food 
Chemistry, 128, 895-901. 
Yilmaz E, Cingz K (2016) Feed additives in aquafeeds. Animal Science Series, 66, 155-
160. 
Yin G, Ardo L, Jeney Z, Xu P, Jeney G (2008) Chinese herds (Lonicera japonica and 
101 
 
Ganoderma lucidum) enhance non-specific immune response of tilapia. Oreochromis 
niloticus and protection against Aeromonas hydrophila. Diseases in Asian 
Aquaculture VI, 269-282. 
Yong ASK, Ooil AY, Shapawi R, Biswas AK, Kenji T (2015) Effects of dietary lipid 
increments on growth performance, feed utilization, carcass composition and 
intraperitoneal fat of marble goby, Oxyeleotris marmorata, juveniles. Turkish Journal 
of Fisheries and Aquatic Sciences, 15, 653-660. 
Yu H, Zhang Q, Cao H, Tong T, Huang G, Li W (2015) Replacement of fish meal by meat 
and bone meal in diets for juvenile snakehead Ophiocephalus argus. Fisheries 
Science, 81, 723-729. 
